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Page 11, line 17, insert end of bracket after sind. 

Page 13, line 7, for auf gestellten read aufgestellten. 

Page 13, last line, for p. 294 read p. 204. 

Page 14, line 4 from bottom, for Polla read Palla. 

Page 15, line 8, for morphologische read morphologisch. 

Page 15, line 13, for Specializrung read Specialisirung. 

Page 17, line 4 from bottom, de/efe the. 

Page 18, line ro, for 219 read 119. 

Page 84, line 17, for not read to. 

Page 84, line 20, for Pl. g read Pl. 15. 

Page 85, line 11 from bottom, for pp. read ff. 

Page 87, line 16 from bottom, de/efe the. 

Page 87, line 13 from bottom, for Siberia and Asia read Siberia in 
Asia. 

Page 87, last line, for skins read stems. 

Page 88, line 3, delete the. 

Page 91, line 1, after same insert name. 

Page 91, line 17 from bottom, de/efe the before S. Humuilt. 

Page 93, line 4, for Cladosorium read Cladosporium. 

Page 93, line 8, for fungus on read fungous. 

Page 94, line 10, de/efe in. 

Page 95, line 20, for Euphorbia Cyparissias palustris read Euphorbia 
Cyparissias (40) £. palustris. 

Page 95, line 12 from bottom, for 145 read 147. 
Page 96, line 7, de/ete Although. 
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Page 96, line 7, add of at end of line. 
Page 1o2, line 2, for Szumo read Izumo. 
Page 106, line 19, for Pl. 28 read Pl. 23. 


Page 107, line 10, for set read sent. 

*age 108, line 2, for attached read attacked. 

Page 182, line 16 from bottom, for pl. 1 read pl. 9. 
Page 190, line 11, for skin read stem. 

Page 191, line 10, for no. read near. 

Page 192, line 6, for habitat read habit. 

Page 195, line 4 from bottom, for 72 read 7o. 


Page 201, line 9 from bottom, for 30 read 50. 
Page 207, line 12 from bottom, for f. 20 read f. 21. 
Page 208, line 3 from bottom, for tenibus read tenuibus. 


Page 547, line 17, the paragraphs commencing ‘‘ The Cusick speci- 
men ’’ to the words ‘* Brewer specimen’’ on page 548, line 14, belong 
under Lafpu/a Californica on page 546. 

Page 628, line 7, for Gypmnofteris read Gvmnopteris. 

Page 498, line 20, for preceding read following. 

Page 49q, line 7 from bottom, for 23 read 22. 

Page 501, line 14, for 24 read 23. 

Page 502, line 19, after pl. insert 22. 

Page 504, line 5, for 0.009 read 0.019. 

Page 504, line 21, for 24 read 23. 

Page 506, line 3, for 25 read 24. 

Page 507, line 12 from bottom, for 23 read 22. 

Page 509, line 13, after stenophylla insert and L. hamulata 
H Page 509, line 18, after propagala insert (pl. 24. f. 10). 
| Page 509, line 6 from bottom, for PLATE 23 read PLATE 22. 

Page 510, line 8, for PLATE 24 read PLATE 23. 
21, for PLATE 25 read PLATE 24. 


Page 510, line 
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An unfortunate typographical error occurred in the December 
BuL.etin for which apologies are due to the writer; will those 
receiving this slip please insert it in the December number oppo- 
site page 668 ? 

Errata 

Page 668. Paragraph commencing “ Specimens are repre- 
sented’ should be transferred to the end of the matter on page 
674. 

Page 671. Commencing with the paragraph “ Besides the 
specimens collected at Bodega Port”’ all the matter following to 
the end of the article should have appeared before the matter com- 
mencing on page 669. 

It is hoped that this correction of an inexplicable mixing of the 
galleys will help to make this valuable contribution of Miss East- 
wood more intelligible. [Eprror.] 
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Supplementary Notes on the Erysiphaceae 


By Ernest S. SAtmon, F,.L.S. 


Since the completion of my monograph (6'7)* on the Erysipha- 
ceae, I have had the opportunity of examining a considerable 
amount of further material. This has enabled me to continue the 
study of the critical forms of several species ; to investigate many 
cases of the reported occurrence of a species on an unusual host 
plant; and to extend the geographical range and add further 
hosts for many species. In the following pages will be found an 
enumeration of most of the species of the Erysiphaceae ( follow- 
ing the order in which they are placed in my monograph) and 
under each species are arranged the critical notes, additional local- 
ities, host plants, etc. These records are based on personal ex- 
amination, except in those cases in which they are followed by a 
number placed in brackets. These numbers indicate a published 
- record, which will be found in the work of the author quoted 
under the respective number in the bibliography. 

Before proceeding to give these notes, however, mention must 
first be made of several important papers dealing with the Erysi- 
phaceae which have appeared recently. Of taxonomic interest, 
the following must be noticed. Hennings (31), in his “ Fungi 
japonici,” has described the following as new species or varieties : 
Phyllactinia suffulta var. moricola, Microsphaera Japonica, M. sam- 
bucicola, Sphaerotheca Kusanot, S. phtheirospermi, Uncinula Shirat- 
ana, U. zelkowae, U. clandestina forma japonica, U. verniciferae, 


* Memoirs Torrey Club, Volume 9. The numbers refer to the bibliography which 
will appear at the close of the article. 
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and Erysiphe pist var. desmodti. To this number of supposed new 
Japanese species, Sydow (82) has added another, viz. Uncinula 
Kusanot. With one exception—Uncinula verniciferae P. Henn., 
which appears to be distinct—I consider that these Japanese plants 
are all to be referred to already described North American species, 
orto cosmopolitan ones. Notes on some of these Japanese plants 
will be found in my “ Erysiphaceae of Japan” (68); the remain- 
ing species are discussed in the following pages. 

The Erysiphaceae of South America have been noticed by 
Spegazzini ('79) and also by Neger (52). The former author has 
described as a new species “ Erysiphe deserticola” from the Argen- 
tine Republic, and has recorded other species of Erysiphe from the 
same country. The only specimens I have been able to see of 
“ E. deserticola” have been in an immature condition, and I am 
inclined to think from these that the plant will prove to belong to 
the cosmopolitan species £. polygont DC. The other South 
American species of Erysiphe recorded by Spegazzini prove to be 
E. cichoracearum DC. and E£. galeopsidis DC.. Of special interest 
is Spegazzini’s ('79, p. 330) record of the occurrence in the Ar- 
gentine Republic and Uruguay of the conidial (Ozdium) stage of 
members of the Erysiphaceae on no less than 98 different species 
of host plants—a fact which*shows that these fungi flourish at all 
events in some parts of South America. 

Neger (52) has described as new species, from the Argentine 
Republic, Phyllactinia clavariacformis, Microsphaera myoschili and 
Erysiphe Fricki. Phyllactinia clavariaeformis proves to be identical 
with P. antarctica Speg., and although presenting somewhat re- 
markable characters which perhaps entitle it to be regarded as an 
incipient species—cannot be regarded as distinct from the old P. 
corylea (Pers.) Karst. The question of the relation of “ P. clavari- 
aeformis’’ to the type, is discussed in detail below, where mention 
is made of the fact that forms of P. cory/ea quite similar to the 
South American “ ?. clavariaeformis’’ appear sporadically on va- 
rious hosts in Europe and Asia, along with all intermediate forms. 
M. myoschili is certainly only one of the forms of MZ. alni which 
show a much-branched apex of the appendages. Z£. Fricki is in- 
distinguishable from £. polygont. 

In Europe Serbinov (76) has described from Russia a var. 
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borealis of Microsphaera euonymi, and a var. polemoniacearum of 
‘“ FE. lamprocarpa Lev.’ These two plants I have not seen, but 
the description given of the latter seems to show that it is a form 
intermediate between £. cichoracearum and £. galeopsidis. 

In Japan a very distinct new species of Uncinula, U. septata 
Salm. (69) has appeared. The species has been found in two local- 
ities, and in each case it is associated with Sphaerotheca lanestris 
(S. Kusanot). 

From a geographical point of view, the record by Raciborski 
(60) of the occurrence of Otdinm-forms in Java is noteworthy. 

The occurrence of the New World species, Sphaerotheca mors- 
uvae (Schwein.)—the American gooseberry mildew—in a garden 
at Ballymena, County Antrim, Ireland, in 1900, is of special in- 
terest (see '71, '72). The question of the possibility of its intro- 
duction from America is considered under the species. 

Two important papers dealing with the Erysiphaceae by Grant 
Smith and Neger have appeared. 

Grant Smith, in his paper, ‘‘ The Haustoria of the Erysipheae,”’ 
(77) has given a detailed account of the structure and development 
of these organs, and has added several interesting facts to our 
knowledge of the subject. While finding that the mature hau- 
storium contains almost invariably a single normal nucleus (as 
Harper had already stated), the author records an isolated case, 
where the haustorium of “ Erysiphe communis” on Geranium 
maculatum contained two nuclei. It was also found that occasion- 
ally haustoria have a septum in the neck portion. As has long 
been known, a mature haustorium. is nearly always surrounded by 
a thick sheath-like layer. The correct interpretation of this sheath 
according to Grant Smith, is different from that which has hith- 
erto been given. De Bary was of the opinion that it belonged 
to the protoplasm of the host cell, while Harper (Pringsh. Jahrb. 
wiss. Bot. 29: 664), considered that this sheath is, as in the case 
of that of Puccinia, the disorganizing nucleus of the host cell. 
Smith says, however, that the sheath “does not belong to the 
protoplasm of the cell as de Bary supposed, nor is it the host 
nucleus as Rosen observed in Puccinia ; but the contents of the 
sheath consist of disintegrated cellulose from the distal end of the 
cellulose ingrowth through which the haustorium has made its 
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way. The bounding membrane of the sheath, on the other hand, 
is the plasmic membrane of the host cell stretched and greatly 
enlarged by the osmotic forces involved.” 

The haustoria of LErysiphe graminis are, as is well known, 
peculiar in being provided with long finger-like processes. These 
haustoria Smith has studied in detail, and shown well in several 
figures. With reference to these haustoria it is observed, “this 
form of absorbing organ may be looked upon as the result of a 
special effort of this species to obtain abundant food. The heavy 
growth of mycelium and the immense number of conidia produced 
by this species show the success it has attained. * * * Certainly 
these haustoria give an impression of activity not gained from 
other Erysipheae.”’ 

The most interesting discovery of Smith, however, is in con- 
nection with the haustoria of Uncinula salicis. Examples of U. 
salicis on Salix discolor were used for investigation, and the de- 
velopment of the haustoria was found to take place as follows: 
The mycelium (proper) is entirely external ; on the upper surface 
of the leaf the lobed appressoria give rise to penetrating tubes 
which enter the epidermal cells. All of these tubes, however, do 
not (as in all other cases known) develop in the epidermal cells 
into haustoria. Although normal haustoria are formed abundantly 
in these epidermal cells, in addition numerous slender hyphae can 
be observed reaching from the outer walls across the epidermal 
cells to their inner walls. These hyphae are the penetrating tubes 
or necks of subepidermal but otherwise normal haustoria in the 
palisade cells. On the lower surface of the leaf, in a similar man- 
ner, some of the penetrating tubes reach into the mesophyll cells 
immediately under the epidermal layer, and form haustoria there. 

Smith has also investigated the intercellular hyphae of Phydlac- 
ttnia, and has found that occasionally the hyphae produce haustoria 
in the palisade cells. It was observed that the majority of the 
intercellular hyphae (which may consist of three to five, or perhaps 
more, or rarely of only two cells) take a more or less direct course 
towards the vascular bundles—a region abundantly supplied with 
available food ; the fungus therefore shows a selective chemotropism. 

Examples of Phyllactinia on Xanthoxylum Americanum were 
found to offer some striking differences with respect to the develop- 
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ment of haustoria. The intercellular hyphae have thicker walls, 
and the intercellular appressoria are conspicuous, flattened, sucker- 
like structures pressed tightly against the cells of the leaf. So far 
as could be ascertained, these appressoria never give rise to the 
normal haustoria as in other examples of Phyllactinia, the only 
penetrating organs observed being minute tubes, bearing a vesicle 
apparently without protoplasmic contents. These latter Smith 
considers to be modified or stunted haustoria. 

Neger’s paper is entitled ‘‘ Beitrage zur Biologie der Ery- 
sipheen’’ (52), and is a valuable contribution to our scanty knowl- 
edge of the subject. Some points in this paper I shall here criti- 
cise in detail, and at the same time record some observations I have 
made on the same subject. 

Neger, by means of microtome radial sections, has carefully 
investigated the structure of the perithecial wall in many species o1 
the Erysiphaceae. Summarized briefly, the following modifications 
of structure were found. 

In Erysiphe polygont, E. cichoracearum and E£. galeopsidis no 
marked difference in the cellular structure of the lower and upper 
halves of the perithecium occurs. In £. graminis, and more 
markedly in £. ¢aurica, the perithecial wall consists towards the 
exterior of several layers of very strongly thickened cells with an 
almost obliterated lumen. These layers of thick-walled cells are 
more numerous on the under than on the upper side. In conse- 
quence of this structure the perithecium becomes in a dry condition 
(on loss of turgescence) slightly concave on the upper surface, but 
never on the under surface. It may be noted here that Neger is 


incorrect in stating (on p. 365) that the genus Arysiphe (excluding 


E. graminis) is characterized by “ Perithecien nicht dorsiventral,” 
as in £. taurica and in many forms of £. cichoracearum (e. g. 
the large form on Arctium) the perithecium becomes in the dry 
state very strongly concavo-convex. 

In the species of Sphaerotheca examined, no difference in the 
cellular structure of the wall in the lower and upper halves of the 
perithecium was found to exist ; consequently the perithecium in 
drying contracts equally on all sides. 

In the genus Microsphaera (M. alni, M. euonymi, M. grossu- 
lariae, M. berberidis, and M. euphorbiae were examined) a well- 
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marked difference of structure in the perithecial wall distinguishes 
the upper from the lower side. The wall of the upper side of the 
perithecium is composed of thick-walled cells, and is consequently 
rigid, while the Jower side, being composed of thinner-walled cells, 
is flexible. As the result of this structure the perithecium in 
drying becomes strongly concave on the lower surface—a 
fact, according to Neger’s interpretation, of great biological im- 
portance. 

Podosphaera resembles Microsphaera in the structure of the 
perithecia. 

The genus Uncinula is divided by Neger into two groups— 
Microsphaeroidea and Euuncinula. In the first named group, in 
which the species U. salicis, U. prunastri, U. macrospora, U. flexu- 
osa, U. necator, and U. clandestina were examined, the cellular 
structure of the perithecial wall resembles that found in the genus 
Microsphaera. Inthe species of this group Microsphaeroidea, how- 
ever, the difference of structure between the tissues of the under 
and upper sides is even more marked. A rigid layer of cells with 
strongly thickened walls surrounds the perithecium on its upper 
surface and at the sides, while layers of delicate-walled cells having 
a wide lumen occur on the lower surface. 

The group Zuuncinula comprises U. aceris, U. polychaeta, and 
U. circinata. Here a differentiation exists between the cell-struc- 
ture of the under and upper halves of the perithecium, but it is not 
identical with that found in the last group. In UW. aceris the cells 
toward the upper surface have only slightly thicker walls and a 
slightly smaller lumen than those towards the lower surface ; in 
U. polychaeta the same characteristics are more marked; in U 
circinata, however, exactly the converse is found. The perithecia 
of U. aceris (see monograph, p. 92) and of U. polychaeta become, 
when dry, concave on the under surface; while in U. circinata, in 
consequence of the tissue towards the upper surface being com- 
posed of tender cells with a wide lumen and those towards the 
under surface being relatively thick-walled, the perithecia never 
become concave on the under surface, but usually become slightly 
so on the upper. 

In Phyllactinia the cells of the tissue towards the base of the 
perithecium have a narrower lumen than those towards the upper 
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surface ; consequently the perithecium in drying never becomes 
concave on the under surface. 

Neger considers that the difference of structure in the upper 
and lower halves of the perithecium which is found in many spe- 
cies, and which in many cases causes the under surface of the 
perithecium to become strongly concave on loss of turgescence, 
is of great biological importance. In describing the ripe perithe- 
cium of Microsphaera astragalt, he remarks (p. 351) : “‘ Die Frucht- 
korper losen sich, wenn sie einen gewissen Grad der Reife erreicht 
haben, vom Substrat los, indem sich die Unterseite der Perithecien 
bei abnehmendem Turgor einwarts wolbt und dadurch die Mycel- 
faden, an welchen das Perithecium entstand, zerrissen werden. 
Diese constant einseitige Einwartswolbung kommt dadurch zu 
Stande, dass die Perithecienwand an der Oberseite einen starren, 
aus englumigen dickwandigen Zellen gebildeten Panzer darstellt, 
wahrend die Zellen der Unterseite relativ weites Lume und 
zartere Wande besitzen. * * * Es kann demnach kein Zweifel 
bestehen, dass wir es hier mit einer Einrichtung zu thun haben, 
welche eine spontane Loslosung der Perithecien vom Substrat 
ermoglicht. * * * Es sei gleich hier bemerkt, dass alle (von mir 
untersuchten) Microsphaera-Podosphaera- und die meisten Uncei- 
nula-Arten den gleichen Loslosungsmechanismus besitzen.”’ 

According to the behavior of the ripe perithecium, Neger 
divides the Erysiphaceae into the following biological groups : 

A. Perithecia not spontaneously falling off, mostly attached to the mycelium by their 
uppendages: Sphaerotheca, Erysiphe ( U. circinata ? ). 
B. Perithecia falling off when ripe. 

1. Detachment caused by the shrinking of the perithecium base. 

(a) Cellular tissue of upper half of perithecium formed of narrow strongly 
thickened rigid cells ; cells of lower half delicate-walled : Podosphaera, 
Trichocladia, Microsphaera, Uncinula (% Microsphaeroidea). 

(8) Cells of the perithecial wall of about the same size on the under and 
upper sides of the perithecium ; on the upper side with narrow lumen, 
on the under with more or less delicate walls. Cells in the regions of 
the greatest curvature very large and flexible, becoming shrunken on the 
drying of the perithecium. The under surface of the perithecium con- 
sequently becomes concave, Fuuncinula (excl. U. circinata). 

2. Detachment of the perithecium follows through the pressure exerted against the 


substratum by the appendages which turn downwards. The perithecium in 
drying suffers no important change of shape: Phy/lactinia. 


In connection with the statement made above that the detach- 
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ment of the perithecium from the mother-mycelium is caused in 
many instances by the shrinking of the perithecium base, Neger 
remarks (p. 358): ‘Ich habe nun haufig beobachtet, dass die 
Reactionsfahigkeit der Perithecien auf Turgoranderungen sehr 
gross ist, d. h. dass bei Uebertragung eines Fruchtkorpers aus 
einem feuchtem Raum in einen Exsiccator die Gestaltveranderung 
sehr schnell erfolgt. Ware es da nicht denkbar, dass bei der 
durch Turgorabnahme herbeigefiihrten Schrumpfung des Wand- 
gewebes die Loslosung, d. h. Zerreissung der festhaltenden Mycel- 
faden, so gewaltsam erfolgt, dass das Perithecium eine starke Er- 
schiitterung erleidet und sich dabei auf die Seite legt (auch diese 
Lage ist an reife Perithecien sehr oft zu beobachten) oder sogar 
umkehrt? Es ist mir allerdings nicht gelungen, diesen Vorgang 
selbst zu constatiren.” 

Whether or not it be correct to consider that the detachment of 
the perithecium from the substratum is caused generally by the 
base of the perithecium shrinking and becoming concave, it may be 
noted that this contraction is, in one case at any rate, not essential 
to the process. This can be seen by observing ripe perithecia of 
U. circinata. Neger is in error in stating that the perithecia of 
this species do not spontaneously become free from the mycelium. 
If perfectly ripe examples of U. circinata are examined, ¢. g., those 
in Ell. & Everh. Fung. Columb. n. 110 (in herb. Kew), it will be 
found that many of the perithecia are in a reversed position, 7. ¢., 
the apex of the perithecium, covered with the numerous append- 
ages, is pressed against the surface of the leaf, while the base of 
the perithecium, to which there are usually a few mycelial threads 
attached, is exposed to view. The appendages of these fully ripe 
perithecia are always very numerous and well developed; and 
from Neger’s remark that in the specimens examined by him the 
appendages were badly developed it is evident that he was dealing 
with immature material. The reversal of the perithecia of U. 
circinata mentioned above implies of course a spontaneous loosen- 
ing of the perithecium from the mycelium. The perithecium, 
however, of this species does not, in consequence of its cellular 
structure (see above), become concave on the lower surface, so 
that it is evident that in the case of this Uncinula at all events 
some other cause brings about the detachment of the perithecium. 
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In many cases the perithecia of species of the Erysiphaceae appear 
to become free through the gradual dying away and disappearance 
of the mycelium. 

Some observations I have made on the spontaneous detach- 
ment and reversal of the perithecium in some species of Uncinula 
may be mentioned here. 

At p. 92 of my monograph I pointed out that the perithecia 
of Uncinula aceris are, from some cause, frequently turned over, 
and that the appendages which are thus pressed against the leaf, 
become mucilaginous and attach the (reversed) perithecium to the 
leaf. Some observations I have made since show that this phe- 
nomenon occurs in many other species of Uncinula. In U. salicis 
it can be seen on examining perfectly ripe examples that many of 
the perithecia have become turned over, so that the apices of the 
appendages rest against the surface of the leaf. This can be well 
seen in the specimens in De Thiim. Fung. austr. 655 (in herb. 
Kew). In a few instances, I have observed, in herbarium speci- 
mens, that the perithecia, through the mucilaginous degeneration 
of their appendages, have become actually fixed in this position to 
the leaf. It is easy to produce the same result artificially. A 
leaf after having been placed in water for a few minutes, and then 
freed from the superficial moisture, was laid on the surface of a 
leaf which bore numerous ripe perithecia of U. sa/icis—an example 
being chosen in which the appendages of the perithecia were spread- 
ing upwards. After a few hours, the superposed leaf was exam- 
ined, and it was then found that several reversed perithecia were 
adhering by their appendages to its surface. These perithecia 
required a slight amount of force to be detached. Perithecia of 
U. salicis were placed upside down on damp leaves of Hedera 
Helix, and it was found after a short time that these had adhered 
to it by their appendages. In U. macrospora, U. prunastri, and 
U. Clintontt the same reattachment of the perithecia in a reversed 
position can be observed. An ivy-leaf, was laid upon a leaf of 
Tilia Americana bearing numerous perithecia of U. Clintonii in 
which the appendages were spreading upwards. After a few hours 
perithecia reversed and fixed by their appendages were found on 
the ivy-leaf. 

On account of their large size, the reattachment of the perithecia 
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can be most easily seen in U. polychacta. In this species the very 
numerous crowded appendages spread widely, and attach the re- 
versed perithecium by a film-like layer spreading beyond the di- 
ameter of the perithecium on every side. The mucilaginous break- 
ing down of the walls of the appendages is very evident here, and 
the reattachment of the perithecium is as firm as that caused by 
the penicillate cells of Phyllactinia. 

In U. circinata, also, if reversed perithecia are placed on a damp 
leaf, they will be found subsequently to have become attached to 
it by their appendages. 

This phenomenon of the spontaneous freeing of the perithe- 
cium and its subsequent reattachment by the appendages has been 
the cause, I believe, of leading systematists into several curious 
errors. The first case that may be mentioned is that of “* Unct- 
nula Columbiana Selby,” on Scutellaria laterifiora from the United 
States. This fungus, as I pointed out in my monograph, p. 86, agrees 
exactly in all its characters with U. salicis. U. salicts is only known 
to grow on species of Salix and Populus, and I suggested at the 
time that its presence on the Scutel/arta was perhaps accidental. 
I feel now little doubt that we have here an instance in nature of 
the perithecia of U. salicis becoming attached by their appendages 
in the manner described above to a foreign substratum, in this case 
the leaves of a herbaceous plant. In a second case it seems quite 
certain that reversed perithecia of U. salicis attached by their ap- 
pendages have been under observation. I refer to the “ U. salicts 
var. epilobi’”’ of Vestergren (Bot. Notiser, 1897: 256), which 
was described as growing at Upsala on Epilobium angustifolium, 
(see monograph, p. 87). In the description Vestergren remarks : 
“The most obvious presumption would be that the perithecia of 
the Uncinula in question had been transferred by the wind to the 
Epilobium from, ¢. g., some Salix bushes growing in the neighbor- 
hood. Apart from the fact that there were none of the usual 
host-plants of U. salicis in the neighborhood, one must quite re- 
ject this presumption when one observes (under a slight micro- 
scopic magnification) how firmly the perithecia of the var. epilodit 
are fixed to the substratum by means of the appendages radiating 
on all sides.” We may, I think, safely infer here that groups of 
perithecia of U. salicis must have been blown on the Fpi/odium, 
and adhered by the appendages in the manner described above. 
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In the case, also of Sredinski’s (80) record of the occurrence 
- of U. salicis on Hedera Helix the same explanation probably holds 
good. 

I have seen also two specimens labelled “‘ Uncinula Wallrothii 
on Lonicera Xylosteum.” The perithecia of the Uncinula on this 
plant, I have ascertained, are in the majority of cases adhering, in a 
reversed position, by means of their appendages ; and there is no 
reason for believing that the Lonicera was serving as a host-plant 
{see monograph, p. 97). 

It will, in all probability, be found that the example of U. 
geniculata, occurring on leaves of Hydrophyllum appendiculatum 
(see monograph, p. 112) consists of perithecia attached by their 
appendages. 

The following remarks of Neger’s require criticism. Neger 
writes (54, p. 344): ‘Man hat bisher, wie aus den meisten 
Erysipheen behandelnden Werken (besonders soweit dieselben 
mit Abbildungen versehen sind zu entnehmen ist, allgemein an der 
ansicht festgehalten, dass die Perithecien aller Erysipheen anna- 
hernd gleichen anatomischen Bau aufweisen. Dies ist aber ein 
grosser Irrthum und es ist unverstandlich, wie z. B. Tulasne in 
seiner Carpologia von Sphaerotheca Castagnei eine abbildung 
geben konnte, die, was Gestalt und relative Grosse der Perithe- 
cienwandzellen anlangt, durchaus nicht auf Sphacrotheca, sondern 
viel eher auf Uncinula, oder Erysiphe passt.” Neger is appa- 
rently unaware that in S..Castagnei the size of the external cells 
of the perithecium varies from 10-40 wide. Under the old name 
“ S. Castagnet”’ were included the two plants now known as S. 
humuli, in which the external cells of the perithecium measure 
from 10 to 204 wide, averaging 15; and S. humuli var. fuliginea, 
in which the cells measure from 20-30, rarely 40 p, averaging 25 4 
wide (see monograph, pp. 45 and 49), Neger apparently intends by 
““S. Castagnet” the segregate last-named, since he remarks: 
“ Die Wandzellen bei Sphaerotheca sind im Verhaltniss zum Peri- 
theciendurchmesser auffallend gross und sind von sehr unregel- 
massiger Gestalt, wahrend die Wandzellen bei Erysiphe, Uncinula 
und anderen Erysipheen relativ viel kleiner sind und mehr oder 
weniger runde oder polygonale Gestalt besitzen. Z. B. fiir Sphae- 
rotheca resp. Uncinula \asst sich das Verhaltniss der Grosse einer 
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Wandzelle zum Peritheciendurchmesser durch folgende approxi- 
mative Zahlen ausdriicken: 1:5 resp. 1: 18.” Now the size of 
the cells in the species of Uncinula varies from 10 to 15 wide, 
reaching rarely to 20; so that it is perfectly correct to represent 
the perithecial wall of some forms of “ S. Castagnei”’ as being 
of similar structure to that of species of Uncinula. As regards the 
proportion between the number of cells and the diameter of the 
perithecium also, S. humuli type agrees with species of Uncinula. 

Neger, it may here be noted, has raised De Bary’s section “ 777- 
chocladia’ of Erysiphe to generic rank, and places in the genus 
Microsphaera astragali and Erysiphe tortilis. 1 consider this 
arrangement undesirable for the following reasons: The two 
genera Microsphacra and Erysiphe are undoubtedly very closely 
allied, and it seems to me to be more in accordance with the 
principles of a natural classification to include in these genera 
the species which on both sides approach each other, than to take 
these out and base a new genus onthem. Further, if we follow 
Neger and place 7. astragali in the new genus 77richocladia, it is 
clearly unnatural for 17. Baumleri, so closely allied, to be gener- 
ically separated, and we should find it impossible to draw a satis- 
factory line between 7richocladia”’ (including Baumleri) and 
Microsphaera. It still seems to me to be better to include 7. as- 
tragali, which although certainly approaching some forms of £. 
polygoni, yet on the other hand is closely allied to Microsphaera 
Béumleri and M. euonymi, in the genus Microsphaera, and to keep 
E. tortilis in Erysiphe on account of its relationship with certain 
forms of £. polygont. 

Neger (52, p. 337) referring to the fact that I included in my 
monograph under the name Frysiphe polygoni all plants which 
showed certain morphological characters, notwithstanding that 
they grew on the most diverse host-plants—no fewer than 190 
different species of plants (belonging to 89 genera) being given as 
hosts, observes: ‘“‘ Freilich, ob diese Anschauung berechtigt ist, 
ist bis heute durch nichts bewiesen. Es liegen namlich nur ganz 
vereinzelte auf culturversuche begriindete Bestatigungen dieser 
gewohnlich in extenso angenommenen Voraussetzung vor, was 
um so mehr auffallen muss, als doch bei anderen Pilzfamilien, z. 
B. den Uredineen, trotz der dort bestehenden grosseren Schwie- 


; 
Da. 
— 
a 
‘ 
ang 
i 
} 
| 


NoTES ON THE ERYSIPHACEAE 13 


rigkeiten, die Frage der WirthzugehGrigkeit fiir eine grosse Anzahl 
von Arten durch experimentelle Untersuchungen klargelegt worden 
ist.” Further, with reference to the fact that in my monograph a 
great reduction of species was made, Neger remarks: “ Inwieweit 
dieses summarische Verfahren berechtigt ist, muss die Zukunft 
lehren. Hieraus ergibt sich aber das zweite, einer Losung dring- 
end bediirftige Problem: Welcher der bisher auf gestellten, auf 
morphologische Merkmale begriindeten Erysipheenarten erweisen 
sich physiologisch als solche ? oder um die von Rostrup bei den 
Uredineen angewandte Bezeichnung zu gebrauchen: Werden 
nicht viele der bisher als morphologisch gleich erkannten Formen 
in ‘ biologische’ Arten aufzulosen sein?” 

The question of the possibility of the occurrence of “ biolog- 
ical species” in the Erysiphaceae is one of primary importance, 
not only from the scientific side, but also from the economic point 
of view—for if ‘‘biological species’ do exist, then we should 
endeavor to ascertain if the species of mildew which cause such 
widespread damage to cultivated plants belong to this class. If, 
for instance, it were found that the “ hop-mildew”’ constituted a 
‘biological species,” then we should know from which of the 
common weeds of the hop garden (Spiraea, Ulmaria, Potentilla 
spp., Epilobium spp., etc.) which serve as the host-plants of the 
morphological species called Sphaerotheca humuli, it could pass 
on to the hop; or whether, as might possibly prove to be the 
case, the spread of this hop-disease is dependent on infection from 
hop-plant to hop-plant. 

It will be well here to review the evidence with regard to this 
point. Direct experiments, and observations bearing on the sub- 
ject are, so far as I am aware, very few in number. The experi- 
ment of taking the conidia of a mildew growing on a certain host- 
plant, and sowing them on the leaves of another plant has been 
performed by three botanists : (1) Magnus (in Bericht. deutsch. 
bot. Gesellsch. 16: 68. 1898) has stated that the conidia of 
Sphaerotheca humuli (DC.) growing on the hop will germinate 
and produce a conidia-bearing mycelium when sown on the 
leaves of Taraxacum officinale. (2) Iwanowsky (32) made some 
experiments in connection with the Ozdium* occurring on the to- 


*This Oidium De Thiimen described as O. ¢adaci ; it is in all probability the 
conidial condition of Ery iphe cichoracearum DC. (see monograph, p. 294). 
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bacco plant. Iwanowsky observed an Ozdium, which he re- 
ferred to the conidial form of “ £. damprocarpa” (= E. cichora- 
cearum), occurring on the leaves of some Compositae, especially 
Inula Helenium and Lappa tomentosa. This Oidium he found 
on examination to resemble strongly the Ozdium on the tobacco 
plant. To quote the author’s words: ‘Bei der Aussaat dieser 
Conidien auf die Blatter der Tabakspflanze entwickelte sich in~ 
der That das Tabaks-Ozdium ; hieraus folgt; dass Letzteres zu 
Erys. lamprocarpa gehort; jedoch bildet dieser Pilz auf dem 
Tabak keine Fruchtkérper. In Form von Fruchtkorpern iiber- 
wintert er auf den genannten Compositen und inficirt im fol- 
genden Sommer die Tabakspflanze.” (3) Neger (54, p. 339) 
records the following observations: ‘Auch das Nahrsubstrat 
scheint Einfluss zu haben auf die aussere Gestalt der Conidien. 
Ich iibertrug Conidien von Erysiphe communis, welche auf Ranun- 
culus sp. entstanden waren, auf eine vollkommen gesunde, unter 
einer Glasglocke stehende Pflanze von Galium silvaticum ; die 
Infection gelang ; nach einigen Tagen trug das Ga/ium Rasen von 
Conidien-tragern. Der Vergleich ergab, dass die Conidien auf Ga- 
dium betrachtlich langer waren als diejenigen auf Ranunculus.” 

Cases apparently showing that in nature a species of mildew on 
one host-plant sometimes passes over to a contiguous plant of an- 
other species are mentioned by two botanists: (4) Allescher (in 
the Bericht. botan. Verein. Landshut, 146-152. 1887) has re- 
corded the occurrence of Microsphaera Ehrenbergu (= M. aln 
var. /onicerae) on Syringa vulgaris, and has stated that the Syr- 
inga affected stood in the immediate neighborhood of a bush of 
Lonicera Tatarica attacked by the same fungus. On Allescher’s 
specimen sent to me it was noted that the fungus occurred only 
on the branches of the Syringa which were close to the Lonicera. 
(5) Brannon (8) has recorded “Erysiphe communis (Wall.) Schl.” 
occurring ‘‘on Ranunculus recurvatus and an aster growing in 
the same place which had probably received the mildew from its 
neighbors.” 

(6) Polla (in Bericht. deutsch. bot. Gesell. 17: 67. 1899) 
has made some observations bearing on the present subject. This 
author, having observed that in certain districts only Aerderis 
vu garis and Corylus Avellana were attacked by Phyllactinia, 
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while other trees, growing intermixed with the Berderis and 
Corylus (such as Carpinus, Betula, Fagus, Fraainus, etc.), 
which in other districts are liable to be attacked, here remained 
perfectly free from the Phyllactinia, was \ed to the conclusion 
“dass Phyllactinia suffulta eine Sammelspecies darstellt, and dass 
die auf den verschiedenen Nahrpflanzen beobachteten Formen, 
wenn auch vielleicht nicht eine jede einer besonderen, doch min- 
destens mehreren verschiedenen, morphologische einander sehr 
ahnlichen oder gleichen Arten angehoren, welche nur auf ganz 
bestimmten Nahrpflanzen gedeihen. Zweifelsohne liegt bei Phy/- 
/actinia und wohl auch noch anderen Gattungen der Mehlthau- 
pilze beziiglich der Speciesfrage dieselbe Erscheinung vor, wie sie 
bei den Rostpilzen aufgedeckt worden ist und als Spectalisrung 
des Parasitmus bezeichnet wird.” 

Reviewing the experiments given above, I should like to point 
out with reference to those, (1), (2) and (3), in which conidia were 
taken from one host-plant and sown on another, that such experi- 
ments require the greatest precautions being taken to ensure that 
the plant on which the conidia are sown has not been naturally in- 
fected previous to the experiment, and that it is not liable to infec- 
tion during the course of the experiment. Two cases which show 
the necessity of the greatest care being taken in this direction have 
come under my notice. A plant of Cineraria, taken direct from 
a greenhouse in which the plants were apparently free from mildew, 
was placed in a greenhouse where the cinerarias were badly af- 
fected with Oidium, and kept covered over by a bell-jar. Ex- 
periments were made with the object of trying to infect this 
Cineraria with an Oidium occurring in the same greenhouse on 
Celsia, and for this purpose the bell-jar was removed two or three 
times to allow the placing of the Ozdium-conidia on the leaf, and 
subsequently to observe if infection had taken place. The experi- 
ment failed, as on the marked places on the Cineraria-leaf where 
the conidia of the Ce/sta-Oidium were sown, no Oidium appeared. 
In other spots on one or two of the leaves experimented with, 
however, an Ozdium began to grow, and spread gradually in large 
patches over the leaf, producing conidiophores in large numbers. 
A microscopic examination of the conidia of this Ozdium showed 
that it resembled the Ozdium that grew on the cinerarias in the 
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greenhouse, the conidia differing from those of the Oidium on 
Celsia in being smaller and in possessing distinct fibrosin-bodies. 
It is clear, therefore, that infection must have taken place by some 
means from the adjacent cinerarias. 

In the second case, some rose bushes in a garden were observed 
covered with an Ozdium, and it was noticed after a few days that 
an Oidium had now appeared on some adjacent raspberry suckers. 
To ascertain if the rose-Ozdium had really, as it appeared, spread 
from the rose to the raspberry, the following experiment was car- 
ried out. The raspberry suckers, mentioned above, which were 
attacked by the Ozdium, were situated on one side of a garden 
path ; on the other side of the path were two isolated suckers, 
both of which at this time showed no signs of Ozdium. On one of 
these, conidia taken from the rose were sown, and the sucker cov- 
ered over with a bell-jar. The next day it was found that this 
sucker was slightly attacked by an Oidium, which in the course of 
a few days spread and showed itself on most of the leaves at the 
apex of the sucker. During the whole time, the adjacent sucker, 
left untouched and uncovered, remained free from any Ozdium. 
It might readily have been assumed that we had here the proof of 
the passing of an Ozdium from one species of host-plant to another, 
but a microscopic examination showed that such was not the case. 
The shape of the conidia on the raspberry plants agreed exactly 
with that of the conidia of Sphaerotheca humuli (this species is re- 
corded on the raspberry by Burrill in Ellis and Everh., N. Amer. 
Pyrenomycetes), and differed from that of the conidia on the 
rose (S. fannosa) in shape and size. The difference between the 
conidia of S. Aumuli and S. pannosa I have elsewhere pointed out 
(71). On examining the Ozdium which appeared on the raspberry 
sucker experimented upon, the conidia were found to agree in shape 
with those of S. humuli and not of S. pannosa. It might be sug- 
gested, of course, that the difference in shape was due to the in- 
fluence of a different species of host-plant on the same species of 
fungus, but in the face of repeated experiments (made in a garden 
where no raspberry-Ozdium occurred) in which it was found that 
conidia taken from the rose and sown on raspberry suckers inva- 
riably failed to produce any infection, we are forced to conclude 
that in the first experiment mentioned above the raspberry sucker 
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must have been already naturally infected by the Ozdium on the 
raspberries before being experimented upon. 

With regard to Magnus’ experiment (1), I have already 
(monograph, p. 18) pointed out the special difficulties which arise 
if we consider that the Ozdium which appeared on the 7araxacum 
really resulted from the sowing of the conidia of S. humuli from 
the hop. 

Experiment (2) would seem, if scientific precautions were taken 
to prevent the access of other conidia to the tobacco leaf under 
observation, to prove satisfactorily that Erysiphe cichoracearum can 
pass from the leaves of a host-plant belonging to the Compositae 
to one belonging to the Solanaceae. 

The acceptance of the conclusions drawn by Neger from his 
experiment (3) involves us in the same difficulties as in the case 
of Magnus’ experiment. Ifthe conidia of £. polygoni were really 
the ones that produced the Ozdium on the Galium (the fact that 
the Ga/ium plant was kept under a bell-jar does not, unless special 
precautions were taken, preclude the possibility of infection by 
other conidia having taken place) it seems strange that we do not 
find in nature £. polygoni occurring on Galium. It is true that 
many authors have recorded communis” or “ £. Marttt”’— 
synonyms of £. polygoni—on species of Galium, chiefly G. Aparine, 
but this has always been due, I believe, to a wrong identification 
of the fungus having been made, as in all cases investigated the 
fungus has proved to be £. cichoracearum (see monograph, p. 20). 
It is to be noted, too, that Neger expressly states that the Ozdium 
which appeared on the Ga/itum showed morphological differences 
from that on the Ranunculus—a fact certainly favorable to the idea 
that infection from some other source had taken place. 

With regard to case (4) I have, through the kindness of Profes- 
sor P. Magnus, seen Allescher’s specimen of “ 47. Ehrendbergii”’ on 
Syringa vulgaris. The fungus, which is certainly growing on this 
host, as the presence of mycelium and young perithecia show, 
presents the characters of the var. /onicerae (= M. Ehrenbergit) 
rather than thove of the JZ. a/ni type (which grows commonly on 
Syringa vulgaris in the United States). It seems, therefore, that 
we can, as Magnus (Bericht. deutsch. bot. Gesellsch. 16: 68. 
1893) has done, accept the case as affording proof that the var. 
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lonicerae has here passed over from the Lonicera Tatarica to the 
Syringa. 

(5) I have not seen a specimen of the Erysiphe on Aster re- 
ferred by Brannon to “ £. communis.’ If the fungus has been 
correctly determined, it would be a remarkable instance of the 
passing over of the species to an unusual host-plant, as the Zry- 
siphe which occurs so commonly on Aster in the United States has 
hitherto invariably proved to be £. cichoracearum. 

It has long been noticed (cf Léveillé, Ann. Sci. Nat. III. 15: 
219. 1851), that certain species of the Erysiphaceae, or exam- 
ples of a species on a certain host-plant, only rarely, or (in the 
second case) perhaps never, produce perithecia. In connection 
with this subject Neger (54) asks the question: “Von welchen 
Factoren hangt die Conidienbildung, von welchen die Perithecien- 
bildung ab?’ With a view to obtain evidence on the subject, 
Neger kept under observation species of mildew growing on Arte- 
misia vulgaris, Ranunculus,and Epilobium montanum. These were 
first kept at a room-temperature in a damp atmosphere under bell- 
jars, and it was found that under these conditions the formation of 
conidia was extremely luxuriant, but that no formation of perithecia 
took place. Afterwards, in November, the plants were placed in 
a cold greenhouse, in which the temperature and atmospheric con- 
ditions were similar to those occurring in the open at the normal 
time for the production of perithecia. It was then found that no 
perithecia were formed on these plants. Neger remarks also, that 
in nature no production of perithecia takes place, as a rule, on 
those host-plants which have been injured by an excessively heavy 
crop of conidia, and cites Uncinula necator on Vitis, Sphaerotheca 
pannosa on roses, and S. Castagnei on Spiraea as examples. Also, 
it is observed that when the development of conidia is slight, then 
an abundant formation of perithecia occurs, e. g., Microsphaera 
alni on Viburnum Lantana, Phyllactinia corylea and S. Castagnet 
on Comarum palustre. Neger, as a deduction from these facts, 
and from the results of his single series of experiments, believes 
that an answer to the question stated above can be given as follows : 
“Conidienbildung wird befordert durch einen aus frischen, tur- 
gescenten Pflanzentheilen bestehenden Nahrboden. Temperatur- 
und Feuchtigkeitsverhaltnisse scheinen von untergeordneter Bedeu- 
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tung zu sein. Perithecienbildung setzt einen aus Alteren (meist 
ausgewachsenen) Pflanzentheilen bestehenden und durch Conidien- 
fructification nuch nicht erschopften Nahrboden, sowie ein mehr 
oder weniger reich entwickeltes Luftmycel voraus.” 

I cannot agree with Neger that he has here given the causes 
which account for the formation or non-formation of perithecia in 
the Erysiphaceae. We find in nature so very frequently perithecia 
produced on the same leaf by the mycelium which had previously 
produced conidia that I am inclined to look upon this as the 
normal course of development, and to consider the non-pro- 
duction of perithecia on conidia-bearing mycelium as exceptional, : 
instead of vice versa, as we should be obliged to do if we accepted : 
Neger’s view. In many cases, the non-production of perithecia 
seems undoubtedly connected with the influence of certain host- 
plants on the fungus ; ¢. g., it is only in rare cases (see monograph, 
p. 202) that Erysiphe cichoracearum produces perithecia on culti- 
vated plants of Cucumis and Cucurbita. “Further, it is to be noted 
that when perithecia do occur, they are found (in the case of the 
fungus on Cucurbita Pepo (vegetable marrow), not on distinct parts 
of the host-plant, but in the midst of the parts covered with the 
Oidium-bearing mycelium. Exactly the same occurs in the ex- 
amples of £. cichoracearum on the tobacco plant. On several 
species of Myosotis an Oidium occurs which has been commonly 
referred to £. cichoracearum, but neither on living plants, nor on 
the numerous specimens in exsiccati and herbaria, have I ever 
been able to find any perithecia. In conformity with the rule 
which obtains for many. parasitic fungi, the normal course of de- 
velopment for the Erysiphaceae consists of two phases—a conidial 
stage in which successive crops of conidia are produced during the 
summer months when the host-plant is growing vigorously, fol- 
lowed (omitting exceptional cases) by a formation of perithecia at 
the time when the life of the host-plant begins to fail, so that rest- 
ing-spores (here represented by the ascospores are formed in order 
to continue the life of the fungus in a dormant condition through 
the winter when no host-plants are available. This relation to 
food-supply may be compared with the well-known fact of the 
production in the Zygomycetes of zygospores, which can be arti- 
ficially induced at any time by diminishing the food supply of the 
fungus. 
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It may be remarked here that little is known in connection with 
the germination of the ascospores. Wolff succeeded in germi- 
nating those of Erysiphe graminis, and in infecting grass leaves with 
them, but apparently no one since has repeated the experiment. 
Galloway germinated the ascospores of Uncinula necator, but failed 
in all attempts to infect leaves with them. In September, 1900, I 
placed a number of leaves bearing ripe perithecia of Erysiphe tortilis 
on the ground. These leaves were fully exposed to the weather, 
and were kept in every way under natural conditions. From time 
to time during the winter the dried remains of the leaves bearing 
still numerous perithecia were examined, but no opening of the 
perithecium or change in the appearance of the asci or ascospores 
was found. Finally, in the early summer of the next year, all the 
material was examined, consisting of about twenty perithecia on 
fragments of leaves, and it was then found that externally the 
perithecia appeared quite unchanged. On opening the perithecia 
it was found that many of the ascospores had collapsed, and in 
the surviving ones no germination could be induced. It may be 
worth noting that in £. fortis the appendages of the perithecium 
are very persistent, being found little changed at the end of eight 
or nine months of exposure. In U. necator Galloway found that 
the appendages soon disappeared on exposing the perithecia to the 
weather. 

With regard to the sudden appearance of ‘‘ O:dium”’ on plants, 
it has long been remarked that it is especially liable to occur after 
cold nights. Some experiments I have made ('71) in connection 
with the germination of conidia seem to give some direct evi- 
dence on this subject. In the case of S. Aumuli on strawberries it 
was found that the conidia when sown in hanging drops at ordinary 
temperature showed only a feeble germination. On subjecting the 
conidia, however, before being sown to a low temperature—-cither 
by placing them on blocks of ice, or by subjecting leaves bearing 
conidia to a temperature of 0° C. the germinating power shown sub- 
sequently was very perceptibly greater. As I have already (72) 
remarked, it would appear, therefore, that in nature a decrease 
of temperature may cause plants to be attacked by mildew, not 
only because the vitality of the plants may perhaps be weakened, 
and so rendered less able to withstand the attacks of parasites, but 
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also by directly increasing the germinating powers of the spores of 
the parasitic fungus. Eriksson (‘‘ Ueber die Forderung der Pilz- 
sporenkeimung durch Kalte,” Centralbl. fiir Bakter. und Para- 
sitenk. 1: 557-565. 1887) has also experimented on the same 
lines with regard to the germination of uredospores, and found 
that cooling down to freezing point had a favorable influence on 
their germinating powers. 

As Zopf (go) has pointed out, bodies of a definite shape are 
found in the cell-contents of the conidia of certain species of the 
Erysiphaceae. These bodies are composed of a substance which 
Zopf calls fibrosin, and which he states to be almost indistinguish- 
able in its reactions from fungus cellulose. The bodies are minute, 
the largest measuring 6—8 y in the greatest diameter, and are of 
varied shape, flattened discs, conical and hollow, or cylindrical. 
These fibrosin bodies belong to the group of carbohydrates, and 
according to Zopf function as reserve material; he observed that 
on the germination of the conidia the fibrosin bodies were gradu- 
ally absorbed. They were first observed in the conidia of Podo- 
sphaera oxyacanthae, but were also seen by Zopf in Sphaerotheca 
and in some species of Zrysiphe. Neger (54) has observed them 
well-ceveloped in the conidia of species of Uncinula, but states 
that in Microsphaera they appear to be absent or almost too small 
to be visible. Zopf’s statement, however, that these fibrosin bodies 
constitute the only case known in fungi in which a carbohydrate 
serves as reserve material—in the place of fat or oil—is erroneous, 
as other carbohydrates are known to occur not uncommonly (see 
Errere in Ber. deutsch. bot. Gesellsch. 5: Ixxvi. 1887). 

Harper in an important paper in the Annals of Botany (25), 
in which the question of relationship of the Erysiphaceae to other 
fungi is discussed, replies in detail to the article of Dangeard 
(14) in which an attempt is made to discredit Harper’s previously 
published account of the development of the perithecium in 
Sphacrotheca. 

I am indebted to the following botanists for kindly sending me 
specimens : Professor J. C. Arthur, Mme. J. E. Bommer, Professor 
F. Bubak, Professor A. Magocsy-Dietz, Mr. E. M. Freeman, Dr. 
J. Feltgen, Dr. D. Griffiths, Dr. P. Hennings, Professor Shotaro- 
Hori, Professor A. Jaczewski, Professor A. Kitmanoff, Dr. E. 
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Lambotte, Dr. G. Lnstner, Professor P. Magnus, Professor Kingo 
Miyabe, Dr. F. W. Neger, Dr. N. Patouillard, Professor E. Ros- 
trup, Professor P. A. Saccardo, Dr. C. Spegazzini, Dr. R. Tolf. 


(To be continued. ) 
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Dasyscypha resinaria causing Canker Growth on Abies balsamea in 
Minnesota 


By ALEXANDER P. ANDERSON 


(With PLATEs I AND 2) 


In the fall of 1896, while collecting plants in the vicinity of 
Walker, on Leech Lake, northern Minnesota, the writer noticed 
that the trunks and larger branches of Adies dalsamea, which grows 
abundantly in the bogs around this place, were affected to a great 
extent with some fungus or insect, producing numerous canker-like 
growths and swellings on the stems. This was true especially of 
the lower part of the tree trunks, and around the branches that had 
been shaded out and had died on account of an insufficient amount 
of light. On some trees almost every knot and dead branch was 
surrounded by one or more of these canker swellings, the canker 
not infrequently extending all around the tree trunk, or branch 
(fig. 2). When younger stems or branches were affected in this 
way the portion above the canker, and often the whole stem, had 
been killed by the girdling (fig. 7). 

The trees and cankers were carefully examined, to see whether 
the cause of the deformation might not be due to insects, like the 
one causing the common tumors and “ witch-brooms”’ on Picea 
nigra * which also grows in the bogs of northern Minnesota. No 
Chermes nor other insect of any kind was present on the affected 
trees, nor could any indications of any be found, either on the 
surface of the trees, or on the inside of the bark and wood. 

The rough bark of the canker was found to have on it, numer- 
ous ascomata (fig. 3) which were very similar to those of Dasys- 
cypha calycina (Schum.) Fuckel (D. Widkomii Hartig), the com- 


* These ‘‘ witch-brooms”’ on Picea migra sometimes become a meter or more in 
diameter and are usually spherical, when full grown. They are caused by some 
species of Chermes—probably Chermes abietis. Compare von Tubeuf, Forst-naturw. 
Zeitschr. 2: 76. p/. 5. 1893; Anderson, A. P., Bot. Gazette, 24: 312. 1897; and 
Brodie, W., The spruce Gall-louse, Ontario Department of Agriculture Bureau of 
Forestry, Toronto, May 1, 1893. In the last, mention is made of Chermes adietis a8 
occurring on Picea nigra and Abies balsamea in Canada. 
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mon larch canker-producing fungus of Europe, which were familiar 
to the writer in their living and natural condition. The canker 
swellings and deformations had much the same appearance as 
those caused by D. ca/ycina, especially in the profuse resin exuda- 
tion and flow from the wound. 

The external character of the canker-swellings and the pres- 
ence of the ascomata, which were found only on the affected parts, 
led me to believe that the fungus, if not D. calycina, was a para- 
sitic one, closely related to the larch canker, Dasyscypha, of 
Europe. 

Material of the affected stems and fungus was collected at the 
time, which has since been worked up. The more important char- 
acters of the fungus and its effect on the stems are given in this 


paper. 
Tue Funcus 


The ascomata are found only on the bark of the canker-swell- 
ings and deformations on living trees or on the similar swellings 
on branches and stems which have recently been killed by the 
cankers. The fungus is not present on the bark of any other 
part of the tree. 

The ascomata are stipitate when mature, but sessile in their de- 
veloping condition (fig. 3, 2). The cups of immature and mature 
ones are approximately of the same diameter—one-half to one mil- 
limeter across. The stipe varies from one-fourth to one millimeter 
in length. The whole ascoma is covered over with pilear hairs 
(fig. 3), which are longer and more abundant on the cup, espe- 
cially around the disc, than on the stipe (figs. ¢ and 6). 

The hairs, which surround the disc, project upwards perpen- 
dicularly to the disc when the ascoma is wet or moistened, but 
when in a dry condition the hairs of the fringe are turned inwards 
and almost cover and exclude the disc from view. The reason 
for this movement will be explained later in the paper. The disc 
is slightly orange colored, seen best in younger ascomatd, soon 
after they have opened. The stipe and surface of cups of mature 
ascomata are grayish, becoming whitish and more easily seen on 
the bark, when in a dry condition. The ascomata, although of a 
leathery consistency, become brittle and easily drop off when dry. 

Sections of the ascoma shows it to correspond, in its structural 
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characters, to those of the Helotiaceae, so well described and fig- 
ured by Durand,* and to the genus Dasyscypha. 

The asci are small, cylindrical and slightly chub-shaped, taper- 
ing at the base, and becoming broader towards the rounded apex. 
They vary in size from 2.5x20 to 4x30 4. The ascus wall is 
extremely hyaline and difficult to find and measure. It can 
usually be made out, however, in thin sections, from the position of 
the spores which lie eight in a row, appearing as if the ascus wall 
had dissolved away, leaving the spores in their position (fig. 5). 

The spores are elliptical and extremely small. They vary 
somewhat in size, the lower ones of the ascus being smaller than 
the ones nearer the apex. Measurements of spores in several asci 
gave the following: 1.66 x 2.5 mw, 1.95 x 2.6 4, 2.07 x 3.04, 
2.29 X 3.07 2.49 X 3.5 

The paraphyses are cylindrical, tapering slightly at the base 
and are rounded at the tip; otherwise they are of the same 
diameter throughout. They are about one and one-half to two 
times as long as the asci, and vary in diameter from 0.8 to 1.5 4. 
The asci and paraphyses are free at their ends, there being no 
epithecium present. 

The hypothecium consists of a thin layer of closely inter- 
woven and extremely slender hyphae, which are made out with 
difficulty. 

The excipulum (peridium) is made up of two not clearly dif- 
ferentiated portions, the medullary and the extal. The medullary 
consists of more loosely interwoven, colorless hyphae, which run 
in all directions, filling up the upper central portion of the stipe and 
forming a thin layer below the hypothecium. The extal layer of 
the excipulum consists of longer, thick-walled and closely inter- 
woven hyphae, which are more regular in their course, running 
almost parallel with each other and with the surface of the ascoma. 
Some of the extal layer hyphae change their course or become 
separated from the other and project from the surface of the 
ascoma, forming the so-called hairs or pili. These pili or project- 
ing hyphae have a greater diameter (3 to 4) than any of the extal 


* Durand, Elias J., The classification of the Fleshy Pezizineae with Reference to 
the Structural Characters illustrating the Bases of their Division into Families. Bull. 
Torrey Club, 27: 481. 1900. 
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hyphae (1 to 2), from which they grow. The pili are shortest 
on the stipe of the ascoma (40 4 long) and longest on the margin of 
the cup (80), where they form a fringe of hairs which project 
vertically upwards, when the cup is moist and open, but are 
turned inwards, almost covering and meeting in the center of the 
disc, when the ascoma is dry (fig. 6). 

This movement of the fringe of pili, surrounding the disc, is a 
hygroscopic one, due to tissue tensions. Thus the longer, thicker- 
walled and more compact peridial hyphae, running up and down 
and almost parallel with each other and with the surface of the 
ascoma, would, on drying, contract less than the medullary por- 
tion, consisting of loosely interwoven and thinner-walled hyphae, 
running more or less in all directions. As a consequence, when 
the ascoma dries the greater contraction of the medullary portion 
tends to pull in, or draw down, the hymenium, making it more 
concave, and at the same time causing an inward curvature of 
the fringe of hairs which project from the margin of the peridial 
portion extending around the hymenium. The pili or projecting 
hyphae, forming the fringe, do not curve, but remain at the same 
angle to the peridial substratum which makes this hygroscopic 
movement. 

The pili, projecting from the surface of the ascoma, especially 
those forming the fringe around the disc, are dotted over with 
minute particles of, what appears to be calcium carbonate (jig. 6). 
The particles disappear when sections are placed in a weak solu- 
tion of either acetic or hydrochloric acid. I have not been able to 
notice any evolution of carbon dioxiode from acid treated sections 
under the microscope. The differences in color of the ascoma in 
its wet and dry condition, is due partly to the presence of these 
particles on the pili. 

IDENTIFICATION OF THE FunGuS 

The ascomata, as well as the cankers, in their external char- 

acters, resembles those of Dasyscypha calycina (Schum.) Fuckel, 


which has been found in the United States. It was collected by 
Judge Peters in Alabama, on Pinus.* Tubeuf also states that the 


* Underwood, L. M., and Earle, F. S., A preliminary List of Alabama Fungi. 
Bull. Ala. Agric. Exp. Sta. 80: 202. 1897. 
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larch canker Dasyscypha occurs in the United States * and further 
that it is the only parasitic species in the genus Dasyscypha. Since 
the publication of Tubeuf’s ‘‘ Pflanzenkrankheiten,” however, 
Wagner ¢ has found that Dasyscypha calyciformis (Willd.) Rehm, 
is parasitic on Pinus silvestris, Abies pectinata and Picea excelsa, in 
Germany. These two are the only parasitic species of Dasyscypha 
that have heretofore been reported, but there can be no doubt but 
that more of the ones inhabiting the bark of living trees, will be 
found to be parasitic, when a careful examination of these is made 

That the Minnesota Dasyscypha on Adies balsamea is neither 
D. calycina nor D. calyciformis, is shown by the extreme minute- 
ness of its spores, which are smaller than those of any of the 
species which it resembles. The ascoma resembles that of D. 
Agassiz B. & C., but is much smaller. The size of the ascoma, 
as well as that of the spores, agrees most closely with those of 
D. chamaeleontina (Peck) Sacc. described by Peck{ from speci- 
mens collected at Sandlake, New York, on the under surface of 
hemlock-wood lying on the ground. Peck states that there is 
scarcely any appearance of hairiness on the cups, and that when 
the cups are bruised, they change in color from white to yellow, 
then to pink or red. The cups of the Minnesota Dasyscypha, do 
not change in color when crushed, nor are its spores “ stipitate "’ 
as in D. chamaeleontina. 

All the characters of the Minnesota Dasyscypha correspond 
most closely with those of Dasyscypha resinaria (Cook and Phil.) 
Rehm., which has been found in North Wales and in Hungary. 
It resembles this species so closely that there can be no doubt as 
to its being this one. In the following table, comparisons are 
made between the closely related species : 

Inthe original description of D. re sinaria§ the size of the 
spores was give as 5 xX 2.5. This was found by Massee|| to be 
too large, as shown by the following, copied from Massee’s de- 


* Tubeuf, K. von, Diseases of Plants induced by Cryptogamic Parasites. Eng- 
lish translation by Dr. W. G. Smith, 271. 

+ Wagner, G., Beitrage zur kenntniss d. Pflanzenkrankheiten. Zeitschr. Pflan- 
zenkrankheiten, 6: 321. 1896. 

t Peck, C. H., Reg. Report, 30: 60. 

¢ Grevillea, 3: 185. 1875; and Phillips, British Discomycetes, 242. 1887. 

|| Massee, George, British Fungus Flora, 4: 344. 
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scription : ‘‘ Described from specimens in Phillip’s Elv. Brit., no. 
66. The size of the spores—5 x 2.5 u—as given by Phillips in 
Disc. Brit., is certainly too large. I have never found them above 
3 4 long.” 

The spores of the specimens found in Hungary were 3 x 2.5 4; 
also smaller than the size given by Phillips in his description, but 
of same size as spores of specimens found in Minnesota. 

No European specimens of D. resinaria have-been examined 
by the writer, but the descriptions of it correspond so closely with 
the Minnesota Dasyscypha, that there can be little doubt about the 
two being the same species. 


THe CANKER 

The characteristic smooth bark of Adies balsamea, becomes 
rough at the canker spot, by the formation of ridges and bark 
projections, soon after the infection has taken place. The outer 
bark (peridium and epidermis) does not become hypertrophied, but 
is broken through, and scales off, sooner than normally, on ac- 
count of the increased growth of the inner layers of the bark, 
which become hypertrophied. 


PriMARY CorTEX (MIDDLE Bark) 


In the bark of the canker, the periderm as well as the primary 
cortex, and outer layers of the secondary cortex, are very soon 
cut off by the formation of a new phellogen layer. This causes 
the death of the cut-off layers of the bark which dry up sooner 
than in the normal. The resin-canals are also cut off and dis- 
turbed and their resin contents begin to diffuse into the surround- 
ing tissues, but mostly collect in the resin-vesicles or “blisters,” 
which are also formed sooner in the primary cortex of the 
canker than in the normal bark. The vesicles of the canker 
depart from the normal, especially in their size (figs. 7 and 
8), being either abnormally large or small. The resin of the 
canker vesicles is forced out by the increased pressure on the 
vesicle, by the shrinkage of the surrounding dead layers of the 
bark, cut off by the new phellogen. The resin thus forced out 
runs down the trunk of the tree, the more volatile substances 
evaporating, leaving the solid resin, which hardens and gives the 
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trunk a glazed appearance easily seen at some distance from the 
tree. The exudation of resin from the canker spot, however, is 
not due entirely to the early drying and forcing of the resin out 
of the vesicles, but also to an increased resin secretion at the 
cambium and parenchyma cells of the secondary cortex. The 
resin-canals and vesicles for the storage and reception of the re- 
sin having, as explained, already been cut off, a part of this resin 
diffuses into the outer dry bark but the remainder is forced to the 
surface where it collects in drops (Fig. 3, ¢) which hardens as soon 
as exuded, or when the exudation is profuse a part of the resin 
flows down the trunk. 


THE SECONDARY CorTEXx (INNER Bark) 


The cambium at the canker spot produces an increased num- 
ber of cortical as well as wood-cells. The secondary cortex does 
not depart much from the normal in its structures, except in its 
increased thickness, often eight to ten times that of the normal, due 
to the greatly increased number of cells formed. The secondary 
cortex is normal in that it does not contain any resin-canals nor 
resin-vesicles. 

Tue Woop 

The annual rings of the wood formed at the canker are wider 
than those formed before the infection. This increased width of 
the rings is due to an increase in the number of tracheids produced 
by the cambium. These tracheids, as well as the cells of the 
medullary rays, are usually of a greater diameter than the normal, 
which also accounts for the greater width of the rings formed at 
the canker. 

This increased growth of wood and cortex takes place any- 
where the cambium still remains alive. In all of the cankers ex- 
amined, the cambium had been killed, usually about the center. 
The dead spot varies in size in different cankers but it seldom ex- 
tends completely around the stem or branch. When it does, as in 
fig. 1, the branch becomes girdled at this place and soon dies. 
More often the dead area is small, remaining about the same size 
for a period of years. An effort is made by the living cambium 
surrounding the dead area to heal it over. This it is not able to 
do on account of the fungus mycelium. With the increase in the 
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number of annual rings of the wood a cavity or pocket is thus 
formed at the dead spot. Often several such cavities are formed 
when the cambium has been killed at more than one spot. All 
these cavities or pockets are always filled with hardened resin, 
forming one or more resin-pockets or “ resin-galls.” * 

These resin-pockets are formed at first between the bark and 
wood where the cambium has been killed, but they are later enclosed 
in the wood by the formation of new annual rings of wood (jig. 7). 

The normal wood of Adies dalsamea does not contain any resin 
canals, but in wounded and hypertrophied wood, such organs are 
not infrequently formed. The writer has already called attention 
to the occurrence of pathogenic resin-canals in the tumors formed 
by Aecidium elatinum, when affecting the branches of Adies dal- 
samea. 

The wood of the canker invariably contains pathogenic resin- 
canals, which are similar to those formed in tumors caused by the 
Aecidium (fig. 10). The canals are all vertical ones, no horizon- 
tal canals are formed. The canals vary in diameter from 25 to 85 u 
and in length from a few millimeters to 2-4 centimeters. They 
do not extend through the whole length of an internode or year’s 
growth, like the normal resin-canals of Pinus and Picea. In the 
wood of Adies the canals are formed in groups or chains on one 
side of an annual ring and usually in the spring wood (figs. 7 and 
8). Usually only one chain or ring of canals is formed each year, 
but sometimes two are formed in the same ring, one in the spring 
and one in the fall-wood zone. Not infrequently, a chain of canals 
is formed in the fall at the end of the growing season and another 
one the following spring in the new wood (jig. 8). In this case, 
it seems that the abnormal resin secretion, necessitating the for- 
mation of the canals, begins in the late fall or summer, when it is 
not completed, but continues the following spring. A new set of 
canals are now formed at the cambium, the canals formed in the 
fall having in the meantime become thick-walled and their resin 
contents hardened. 


*It appears that resin-pockets would be a better term than ‘‘resin-galls’’ 

(** Harzgallen’’) with which to designate the solid masses of resin which are not in- 

frequently found in the wood of the Abietineae, since the term gall conveys the idea of 

a visible hypertrophied living part of a plant organ caused mainly by insects and fungi. 
t Bot. Gazette, 24: 337. 
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The canals of the chains are separated only by one or two 
medullary rays and very few tracheids are formed in the zone of 
the resin canal chain. The lining cells of the canals are of paren- 
chymatic origin, shown by the numerous simple pits present in 
their walls. Wound parenchyma cells are always present in the 
canal zone. These cells are thick-walled and simple pitted and 
are best seen in tangential sections (fig. 77). 

The lumina of many of the canal lining-cells are filled with 
hardened resin. The same is true also of many of the tracheids 
surrounding the canals. These “resin-cells” (figs. 9 and 10), 
are also present in the normal wood of Adies dalsamea, but fewer 
than in the canker wood. They are not uncommon in the wood 
of other genera of the Abietineae. * 

In trunks and branches with several canker spots (fig. 2) the 
wood of the apparently healthy portions of the stems between 
the swellings contains chains of pathogenic resin-canals. These 
chains are present in the apparently normal wood, even at a distance 
of 20 cm. from the canker spot (fig. 9). The formation of these 
canals is not due directly to the presence of the fungus mycelium, 
which does not spread more than one to two centimeters outside 
of the canker spot, but to the pathological condition of the whole 
tree when many cankers are formed on its trunk. The chains 
of canals in the canker-wood and those in the apparently normal 
wood at some distance from the canker are similar in every respect. 

The resin-canals in the wood of Adies balsamea affected with 
this fungus are similar in their characters and distribution in the 
rings to the chains of canals found in the normal wood of Adzes 
firma of Japan. According to Dr. Nakamura ¢ the canals in the 
wood of Adies firma are formed only in the fall-wood zone, where 
they are arranged in a chain or arc, with approximately one canal 
for every four tracheids. Vertical canals only, and no horizontal 
ones, are formed. The cells lining the canals are also like those 
in Adtes balsamea, thick-walled and provided with numerous 
simple pits. 

The resin-canals in A. da/samea are similar also to those formed 


* Mayr, Heinrich, Harz der Nodelpélzer, Berlin, 80 1804. 
* Nakamura, Dr. Yaroku, Ueber den Anatomischen Bau des Holzes der Wichtig- 
sten Japanischen Coniferen. Unters. Forst. botan. Inst. Miinchen, 3: 17. 1883. 
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in the wood of branches of A. pectinata, produced experimentally 
by Nottberg * who fractured the branches by partly bending them. 
The characteristic canal chains were formed in the wood near the 
fracture, three months after the wound had been made. 

Hartig ¢ found the same pathogenic resin-canal chains in the 
wood of trees of Adies pectinata that had been injured by light- 
ning. 

Resin-canals in the wood of species of Ades appears to be not 
an uncommon occurrence. They are formed only when the wood 
has been wounded mechanically in some way or when it becomes 
hypertrophied by the presence of certain fungi at the cambium. 


PARASITISM OF DASYSCYPHA RESINARIA 


Although the writer has had no opportunity to make infection 
experiments with a view to determine for a certainty that the can- 
kers formed on the trunks and branches of A. da/samea are caused 
by D. resinaria, there can be little doubt but that they are caused 
by this fungus, which is always found on the bark of the canker 
spots only and nowhere else on the trees. 

Like the European larch canker Dasyscypha, Dasyscypha 
resinaria fruits on the canker bark after the branch or stem af- 
fected has been killed. As far as was possible to make out, this fruit- 
ing on the dead stems continues only for one season after the 
stems have been killed by the parasite. Dead branches which 
have dropped from the tree have no ascomata on them excepting 
on the canker spots, and on these only when the branch has 
dropped off within a year previous. 

The absence of insects and the presence of the mycelium in 
the bark, as well as at the cambium of the canker; also the ab- 
sence of the ascomata on the normal bark of the living tree, as 
well as on stems that have been dead for more than one year, 
seems, at present, to be sufficient evidence for including Dasyscypha 
resinaria among the parasitic species of this genus. The infection 
takes place, as a rule, around the base of the imperfectly self- 


* Nottberg, Dr. P., Experimental- Untersuchungen Uber die Entstehung der Harz- 
gallen und Verwandter Gebilde bei Unsere Abietineen. Zeitschr. Pflanzenkrankheiten, 
7: 142. 1897. Alsoin Archiv der Pharmacie, 235: 256. 1897. 

* Hartig, Dr. R., Untersuchungen iiber Blitzschlage in Waldbaumen. Forst. na- 
turwiss. Zeitschrift, 6: 150. 1897. 
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pruned branches of the lower part of the trunk. At these places 
the spores gain access to the living inner bark and to the cambium, 
where they germinate and cause the increased growth of the 
wood and secondary cortex. Wounds caused by insects and by 
hail and by the breaking of the branches by snow and ice, also 
expose the cambium to the fungus spores. 


Explanation of Plates i and 2 


Fic. 1. Dead branch from affected tree, with canker swelling at a, completely 
surrounding the branch. Ascomata (not visible in the figure) are present only on the 
hypertrophied bark of the canker, % natural size. 

Fic. 2. Portion of affected trunk with three canker swellings; @, dead branch 
around which a smal] canker has formed and at the base of which the infection took 
place; a’, dead branch with older canker which has spread almost around the trunk ; 
4, hypertrophied bark, consisting mainly of the secondary cortex, { natural size. ° 

Fic. 3. Magnified portion of bark, at canker, with unopened ascoma at @, and 
mature one at 4; at a and ¢ is shown a drop of exuded and hardened resin, 30. 

Fic. 4. Section of ascoma, 30. 

Fic. 5. Section of ascoma through hymenium and sterile portion; 2, hymenium ; 
4, hypothecium ; ¢, medullary portion of excipulum; ¢, extal layer of excipulum ; ¢, 
pili, X 450. 

Fic. 6. Portion of cup with pili forming the fringe around the disc ; a, particles of 
excreted calcium carbonate with which these hairs are dotted over, 125. 

Fic. 7. Cross section of stem, through canker; a, resin vesicle in primary cortex, 
larger than normal ones on opposite healthy portion of stem; 44, two chains of patho- 
genic resin-canals; ¢, resin-pocket formed where cambium had been killed; filled 
with hardened resin, 1%. 

Fic, 8. Section through portion of canker; a, resin vesicle of greater diameter 
than normal ; 44, two chains of pathogenic resin-canals, one in fall and the other in 
spring wood of the following year, 15. 

Fic. 9. Part of cross section of apparently healthy wood, 6 centimeters below the 
canker spot; @, pathogenic resin-canals; 4, ‘‘ resin cells,’’ lumina of which are filled 
with hardened resin, 160. 

Fic. ro. Part of cross section of wood at canker, with pathogenic resin-canals (a) 
and “‘ resin-cells’’ (4), 160. 

Fic. 11. Tangential section through a chain of pathogenic resin-canals ; @, wound 
parenchyma; 4, lining cells of resin-canals; ¢c, medullary rays, < 160. 
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Tilletia horrida Tak. on Rice Plant in South Carolina 


By ALEXANDER P. ANDERSON 


At the time of the discovery of the smut on Oryza sativa L., in 
South Carolina, in 1898, the somewhat close similarity between it 
and the then already described 7i//etia corona Scribn. (now T. ro- 
tundata (Arth.) Ell. & Ev.), led the writter to suppose that the rice 
smut in South Carolina was identical with 7. rotundata (Arth.) 
Ell. & Ev., which had been found on Panicum and other grasses 
in the United States. 

Shortly before, in 1896, Takashi described a new smut on the 
rice plant in Japan.* In my paper? the original description of 
T. horrida Tak. was copied, and the suggestion made that the 
South Carolina rice smut and the one in Japan might be the same. 
No specimens of 7: horrida had at that time been seen by the 
writer, but since then it has been found in seed rice imported from 
Japan. The spores and affected ovaries of the Japanese rice smut, 
and the South Carolina one, are identically the same in all their 
characters, so that there can be no doubt but that the rice smut 
found at Georgetown, South Carolina, was introduced through 
seed rice imported from Japan. 

Upon inquiry I found that Japanese seed rice had been sent to 
Georgetown, South Carolina, by the Clyde Steamship Company 
in 1896 and experimented upon by two planters near Georgetown, } 
which explains the appearance of 7. horrida Tak. at this place. 

That the rice smut at Georgetown, South Carolina, was 7i//eta 
horrida Tak., has already been called attention to by Professor F. 
S. Earle.§ This had probably been overlooked by Professor L. 
H. Pammel in his recent bulletin on the Grasses of Iowa,|| where 
he makes mention of 7il/etia rotundata (Arth.) Ell. & Ev., as oc- 
curring on the rice plant in South Carolina. 
# Tokio Bot. Mag. Io: 20. 1896. 

t+ Bot. Gazette, 27: 472. 1899. 

t Bull. S. C. Agrie. Exp, Sta. 41: 13. 

§ Bot. Gazette, 28: 138. 1899. 


|| lowa Geol. Survey Bull. 1: 253. 1901. 
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Massee makes no mention of 7. horrida Tak., on the rice 
plant. He had evidently overlooked it at the time of the publica- 
tion of his monograph on 7i//etia.* 
On account of the mistake made by me in my first paper, on 
the South Carolina rice smut, published soon after its discovery, 
there appears to be some confusion as to its name, which I hope 
the above note will correct. ' 


CoLuMBIA UNIVERSITY. 


* Bulletin Kew Gardens, London. 
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Seeds and Seedlings of Arisaema triphyllum and Arisaema 
Dracontium 


By Rosina J. RENNERT 


(PLATE 3) 


Some interesting facts in the germination of the seeds of Aris- 
aema Dracontium have been recently described by Dr. MacDougal, 
and the author has devoted a greater part of the last year to the 
comparative study of the morphology and physiology of the seed- 
lings of this species and of A. ¢riphyllum. Some attention was 
also given to seedlings of a hybrid between the two species and 
those of A. favum from Sikkim, India. 

It was previously found by Dr. MacDougal that the plumule 
of A. Dracontium emerges from the cotyledonary sheath only in 
a small proportion of the seedlings, and that only a few of those 
emerging exhibited a development sufficient to carry the lamina 
of the first leaf up into the air and unfold it to the light.* 

According to Braun, the closely related species Arum macu- 
fatum displays a similar behavior. He says ‘So spielt auch an 
der Keimpflanze die Niederblattbildung eine grossere Rolle, als 
bei Ca//a, in dem nach Irmisch auf dem Cotyledon zunachst 
mehrere unterirdische vegetirende Niederblatte folgen bevor ein 
Laubblatt, und zwar erst im zweiten Jahre zum Vorsche in kommt.”’+ 
This statement seems to have escaped the notice of Scott and Sar- 
gant who have recently made an extended study of these seed- 
lings. 

The seedlings of A. triphyllum, on the other hand, send up a 
plumule as soon as the hypocoty] is firmly established in the soil, 
while the hybrid between A. Dracontium and A. triphyllum dis- 
plays a curiously intermediate type of germination. The hypo- 


* MacDougal, D. T. Seedlings of Arisaema. Torreya, 1:2. Igol. 

t+ Braun. Ueber das Vorkommen mehere Hullblatter am Kolben von Arum 
maculatum ., Calla palustris, und Richardia Africana Kth. Verh. bot. Ver. Brand- 
enburg, 1:94. 1859. 

t Scott and Sargant. On the Development of Arum maculatum from the Seed. 
Annals Bot. 12: 399. 1898. 
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cotyl, in this case, increases in size at first without sending up a 
plumule, and it is only after the seedling has exhausted the entire 
food supply of the endosperm and has separated from the seed 
that the plumule appears. 

Like A. triphyllum the Indian species, A. favum, follows the 
normal type of germination, and its plumule arises shortly after 
the hypocotyl emerges from the seed. The seedling is only about 
one half the size of that of A. triphyllum. 

As the general structure of the seedling of A. triphyllum re- 
sembles most closely that displayed by A. Dracontium, this species 
was chosen as a basis for comparison in the study of the curious 
variations of A. Dracontium. 

The fruits of A. Dracontium and A. triphyllum are very simi- 
lar. In both the scarlet berries, which have a sweetish, slightly 
acrid taste, are closely crowded upon the spadix. The berries of 
A. Dracontium are larger and fleshier than those of A. triphyllum 
and contain from three to six seeds, while those of A. triphyllum 
are one- or three-seeded. In shape the seeds of both are some- 
what ovoid. At the hilum, the seed of A. Dracontium is generally 
puckered into two or three ridges and the short stalk of the funic- 
ulus is conspicuous, while in 4. ¢r7phyllum the seed is flattened in 
the hilar region, but also bears a prominent funiculus. Elsewhere 
the seeds are well rounded, except when flattened by the pressure 
of other seeds in the same berry. Both seeds bear a rudimentary 
aril which consists of a small disc-shaped fleshy mass situated imme- 
diately inside the coats at the hilar end of the seed, and extending 
as a core down the funiculus. . The average size of the seeds of A. 
Dracontium is 3.5 mm. in transverse and 4.25 mm. in longitudinal 
diameter, while the average seed of A. t77phyl/um is 4 mm. in trans- 
verse and 3.5 mm. in longitudinal diameter, almost exactly revers- 
ing the proportions of A. Dracontium. When only a few are pro- 
duced in a berry, the seeds of A. Dracontium are larger in both 
axes than those of A. ¢riphyllum, which develop singly. When, 
however, a number of seeds mature in the same berry they develop 
in such a position as to exert a lateral pressure upon each other 
and in consequence the transverse diameter remains shorter. In 
these cases the seeds of A. Dracontium do not attain the size of 
even the smallest of A. triphyllum. On the whole, however, 4. 
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Dracontium has the larger seed. The surface of both seeds is 
finely pitted and sometimes minute reddish spots are to be seen 
upon them. A. “#7phyllum has a yellowish color and A. Dracon- 
tium a reddish-yellow blush. This color is due to substances in 
the wall of the inner coat of the seed, as the testa is translucent. 
In the general microscopic structure the seeds present only 
slight dissimilarities. The outermost row of cells in the testa of 
both species are brick-shaped and are set close together with their 
long axes at right angles to the radius of the seed. In both 
the walls of this outer row of cells are mucilaginous, swelling 
greatly when they come in contact with water. In A. Dracontium 
they are slightly larger and their outer walls are considerably 
thicker. A cuticle covers this row of cells in both species. Some 
of the cells below the outer row of the testa contain tannin, 
others are filled with mucilage in which raphide cells are im- 
bedded, still others have a red coloring matter within them. It 
is to these latter cells that the dotted appearance sometimes noted 
on the seeds is due. The tegmen consists of three rows of tabu- 
lar cells with very thick mucilaginous walls. In A. Dracontium 
these walls are orange-colored, and in A. ¢riphyllum yellowish in 
color and so serve to give each seed its distinctive appearance. 
There is a cutinized lamella on either side of the tegmen cells. 
The seeds of both plants are orthotropous and the embryo is 
imbedded in an abundant endosperm. In A. “riphyl/um the endo- 
sperm appears entirely homogeneous to the naked eye, while in A. 
Dracontium there is a horny layer next the seed coats. Upon mi- 
croscopic examination, however, but slight differences are evident. 
The outer portion of the endosperm of 4A. Dracontium consists of 
3 to 5 rows of cubical aleurone cells with walls capable of great 
swelling in water. These cells contain granular proteid globules, 
a single crystalloid, and also a small amount of fat. The aleurone 
cells of A. triphyllum are of exactly the same character, but are 
generally only from two to four rows deep, and also a trifle smaller. 
Within the layers of aleurone cells, making up by far the greater 
part of the endosperm, are large starch-bearing cells which have 
thin cellulose walls. Numerous crystalloids are imbedded in the 
starch of these cells. These crystalloids are slightly more nu- 
merous in the seeds of A. Dracontium. In both cases, however, 
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they are very abundant near the aleurone cells and become scarcer 
toward the embryo at the center of the endosperm. It will be 
seen that the only difference between the two seeds lies in the size 
of the cells which compose the aleurone layer and the seed coats. 
It follows from the greater size of the seed of A. Dracontium that 
this species has a food supply slightly greater than that of 4. #7- 
phyllum. 

Both resting embryos occupy a position near the base of the 
seed. In fact the aleurone cells near the micropyle are obliterated 
and the base of the hypocotyl of each embryo is close to the teg- 
men at this point. The cavity in which the embryo lies, but does 
not entirely fill, corresponds in general shape to that of the embryo 
and extends as an axis from the micropyle to the hilar region 
through the center of the seed. Its sides are formed of starch- 
bearing cells, aleurone cells close to the cavity at the hilar end, 
while the tegmen bounds it at the opposite end as described above. 
The embryos are club-shaped and small in proportion to the 
amount of endosperm contained in the seeds. In A. Dracontium 
they are 2 mm. long and .75 mm. thick, while those of A. triphy/- 
/um are slightly larger, measuring 2.75 mm. in length and .5 to 
.875 mm. in thickness. In A. triphyllum three fourths of the 
length of the embryo consists of cotyledon, the remainder is taken 
up by the hypocotyl. This relation is different in A. Dracontium, 
for the cotyledon in this case bears a slightly greater proportion to 
the entire length of the embryo. A slight constriction marks the 
insertion of the cotyledon on the hypocotyl, and a very small pro- 
tuberance at the base of the hypocotyl is the incipient radicle. 

Five regions are already differentiated in the resting embryo of 
each species, the dermatogen, procambium, root cap, meristem 
and fundamental parenchyma. The dermatogen is continuous 
with the epithelial layer which covers the entire embryo and, at 
the slit for the emergence of the plumule in the cotyledonary tube, 
is deflected back to line the plumular cavity. In the plumule of 
A. triphyllum dermatogen is already clearly differentiated but in 
A. Dracontium it is not so evident. The dermatogen is composed 
of a single row of narrow cells with their long axis at right angles 
to the longitudinal axis of the embryo. They are filled with 
aleurone grains and each contains acrystalloid. The procambium 
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strands which foreshadow the bundles have already been laid down 
in the cotyledon, stem-bud and hypocotyl. Near the tip of the 
cotyledon the procambium strands branch and anastomose irregu- 
larly and therefore no definite number or arrangement of them 
can be determined, but at the base the number becomes constant 
and each strand occupies a regular position. The plan of arrange- 
ment in both species is similar. In cross section the strands mark 
out a crescent in which the largest is at the middle of the bow. In 
A. triphyllum which has regularly five strands, two lie on either 
side of the central ones, while the cotyledon of A. Dracontium 
shows the same arrangement of its five principal strands, but has 
in addition one or two smaller ones. When there are two, these 
extra strands occupy positions on either side of the large middle 
trace. When only one extra strand is retained, it invariably is at 
the right. In the tubular portion of the cotyledon, the largest 
strand is in the thickest part of the wall. The strands are com- 
posed of six or seven rows of narrow elongated cells which have 
their long axis four to six times the length of their radial, and 
parallel with the longitudinal axis of the embryo. In the stem-bud, 
procambium strands have also been differentiated. In A. Dracon- 
tzum the strands in the plumule are faint and there is some varia- 
tion in the number of the procambial regions. They are never 
more numerous than three and at times only the pro-cambium 
of the future midrib has been laid down. In 4. triphyllum five 
distinct procambium regions can be distinguished in the plumule. 
Procambium strands are also present in the hypocotyl and occupy 
fully one half of its entire diameter. They are continuous with 
the procambium of the stem-bud and form at the base of the 
hypocotyl the rudimentary root stele. At the base of the hypo- 
cotyl the root-cap may be distinguished, made up of several rows 
of rather large cells which stretch across its entire base and are 
continuous at the sides with the dermatogen of the embryo. In 
the outer rows the cells are empty. Meristem tissue is to be found 
at the stem-bud and at the base of the hypocotyl where the root 
takes its origin. These cells are very small and nearly isodia- 
metric. Their nuclei are large and fill almost the entire cell. 
Parenchyma cells make up the rest of the embryo. They are two or 
three times the size of the epidermal cells and are packed with 
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starch. Scattered through the inner tissue are large cells filled 
with proteids in which a crystalloid also is embedded. These pro- 
teid cells are distributed through the tissues in those regions where 
the pro-cambium strands first make their appearance. 

The embryos of the two species are similar in shape, position 
in the seed and general structure. A. Dracontium differs from A. 
triphyilum in four particulars: (1) Its size, (2) The proportion 
which the length of its cotyledon bears to its hypocotyl, (3) The 
number of procambium regions to be found in the cotyledon and 
(4) The state of differentiation of the procambium strands in the 
plumule. Here already the tendency in A. Dracontium to delay 


the development of the plumule is evident. 


THE GERMINATION OF THE SEEDLINGS 

In both species when water reaches the seeds the mucilaginous 
walls of the outer row of cells of the testa swell, while the cells 
below, pulled out by the swelling outer row and pushed out by the 
increase in size of the mucilaginous tegmen and the walls of the 
aleurone cells, separate and show an irregular alternation of large 
and small cells, which are, of course, empty. The seeds now in- 
crease considerably in size by the absorption of water, and the action 
of the moisture slowly reduces the outer row of the testa cells to 
a gelatinous film about the seeds. The mucilaginous tegmen is 
also soon dissolved, while all that remains of the seed coat is the 
inner part of the testa. The tannin in the vesicles contained within 
this becomes diffused through the whole of the cellulose coat and 
makes it more resistant to the disintegrating action of the soil. 
This part of the coat alone adheres to the seed until the last par- 
ticle of endosperm is dissolved. The mucilaginous cells of the 
seed coat and the thick walls of the aleurone cells serve to in- 
crease the absorption of water, while the outer row of the testa is 
instrumental in bringing about the attachment of the seed to the 
soil.* The cellulose layer of the testa, impregnated with tannin, 
protects the endosperm during germination. When water reaches 
the embryo in the seed it swells and fills the cavity in which it lies, 
so that its epithelial cells are in contact at the sides with the starch 


*Klebs. Beitrige zur Morphologie und Biologie der Keimung. Untersuch. a. d. 
Botan. Institut z. Tubingen. 1: 536. 1885. 
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cells of the endosperm. Here the diastase formed by the epithe- 
lium of the embryo can begin to act upon the stored starch of the 
seed and a proteolytic enzyme to dissolve the crystalloids. The 
starch of the endosperm is absorbed before the crystalloids, and 
when the cells in contact with the embryo have been emptied of 
their contents the cell walls are pushed back by the advancing 
growth of the cotyledon and the enzyme acts upon the contents 
of the cells next outside. The proteids of the aleurone cells do 
not become soluble until late in the history of the seedling. The 
cell walls of the endosperm do not seem to be acted upon by any 
enzyme, and are wholly intact until the seed separates from the 
seedling. 

While the epithelial cells are secreting the enzymes, the coty- 
ledon increases in length and by its elongation pushes the hypo- 
cotyl, bearing the stem-bud, through the seed coats at the mi- 
cropyle. A. Dracontium requires fully a month longer than A. 
triphyllum for its hypocotyl to protrude. When the hypocotyl 
has wholly emerged from the seed it is directed down into the 
ground at right angles to the plane of the cotyledon, which is still 
in the seed. This is effected by means of a bend in the cotyledon 
at the place where it leaves the seed. This downward pull of the 
hypocotyl serves to tilt the seed up, and is sufficient when the seed 
has not been planted deep to break through the ground and bring 
the seed to the surface. In all cases it loosens the earth about the 
seedling, and so renders it easier for the pumule to make its way 
through the soil. 

A great part of the cotyledon is confined within the seed during 
its entire development. The length which the cotyledons attain 
varies in both species, but those of A. Dracontium are on the aver- 
age shorter than those of A. triphyllum. The average length of 
the A. Dracontium cotyledons outside of the seed is 3 mm., while 
those of A. ¢riphyllum reach an average length of 7mm. The 
number of the cells in the cotyledon is not increased by its elonga- 
tion, for its entire growth is due to the increase in size of the 
already existing cells. The epithelial cells, which in the resting 
embryo had their axis perpendicular to the longitudinal axis of the 
embryo, now in the region of the cotyledon have this relation com- 
pletely changed. Their long axes are parallel with the longitudinal 
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axis of theembryo. The cells of the parenchyma have also taken 
on anelongated form. The only region in the cotyledon where 
new cells are added is that occupied by the procambium and fibro- 
vascular bundles. Here the cell division is very active. Radial 
growth takes place only as the contents of the endosperm cells is 
absorbed. The shape, arrangement of cells and manner of elon- 
gating are exactly similar in the cotyledons of 4d. Dracontium and 
A. triphyllum. It is only in the fibrovascular system that any dif- 
ference between them has been discovered. Here in both cases, 
as in the procambium strands in the embryo, the bundles near the 
tip, branch and anastomose so that their distribution is irregular. 
At the base, however, the number of bundles is constant. A. Dra- 
contium as a rule possesses six bundles : one of these strands is very 
weak and occupies the same position as the sixth procambium strand 
in the cotyledon, 2. ¢., at the right of the largest central bundle. The 
left hand strand which corresponds to the seventh in the resting 
embryo disappears before the cotyledon has: proceeded very far 
with its development. The cotyledon of A. #iphyllum has five 
bundles arranged as in the resting embryo. In a few instances 
chlorophyl has been found in that part of the cotyledon of A. 
Dracontium which protrudes from the seed both when the plumule 
was functional and when it was not. These cases, however, are 
uncommon. 

Up to this point there is almost absolute identity in the germi- 
nation of these two species: the only difference between them lies 
in the various sizes which the cotyledons attain. After this stage 
in the germination has been reached, however, various differences 
in the order of development of the organs become apparent. 

The rudiments of all the structures of the mature corm are 
present in the hypocotyl of both A. “#7phyllum and A. Dracontium 
and the formation of the corm is brought about by the enlarge- 
ment of the base of the hypocoty! and the laying down in it of the 
definitive tissues. In both it increases in bulk at least to a small 
extent before the first primary root is sent out. The hypocotol 
of A. Dracontium enlarges at a very much more rapid rate in the 
first stages of germination than does A. triphyllum and generally 
attains a considerable development before the root appears. A 
seedling of 4. Dracontium with two roots each only 1 mm. in length 
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may have a corm 4 mm. in diameter while in a well-developed 
seedling of A. ¢rtphyllum with a strong system of roots and a 
plumule w ell grown, the corm may be only 1.75 mm. in diameter. 
The enlargement of the corm of A. “7phyllum becomes marked 
only after the leaf is well established as a photosynthetic organ. 
In those seedlings of A. Dracontium in which the plumule does 
not become functional the corm, when its growth is completed, 
averages 4.5 mm. in diameter. When, however, the seedling has 
a functionating leaf the corm may attain a diameter of 6 mm. 
The corm of A. trphyllum may have a diameter of 5.75 mm. at 
the end of the season, but in many cases it is much less. 

The enlargement of the hypocotyl] is due to the increase both in 
size and number of its cells. As its growth is rather radial than 
longitudinal, the epithelial cells become isodiametric in shape. 
The storage cells increase in size and in number in all directions 
and so maintain the same relative dimensions. The starch grains 
contained in these cells are several times as large as those of the 
endosperm of the seed. The procambium cells of the hypocotyl 
are very active, dividing both in their longitudinal and transverse di- 
ameters and the fibro-vascular system soon becomes differentiated. 
Raphide cells are numerous in the corm and in all parts of the 
seedlings of the two species. As the corm enlarges, a layer of 
periderm arises on the outside, from which are cut off tangentially 
five or six rows of empty flattened cells. In addition to the pro- 
tection they afford the corm, these periderm cells are instrumental 
in effecting a separation between the cotyledon and the corm, after 
the food supply of the endosperm has been absorbed. They 
grow between the cotyledon and the corm and separate the two 
by proliferating cells from their surface. In several instances 
chlorophyl has been formed in the two or three rows directly be- 
neath the layers of periderm. The only difference in the develop- 
ment of the corm of the two species lies in the earlier enlargement 
of the hypocotyl of A. Dracontium and the greater average size of 
its completed corms. 


The time at which the roots of dA. Dracontium appear varies 
markedly. In some cases the hypocotyl] enlarges greatly, becom- 
ing, as was described above, about 3 mm. in diameter before the 
first root arises. In other instances the roots are developed as 
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soon as the hypocotyl has found its way into the ground. Seed- 
lings of A. Dracontium vary greatly also in the number and kinds 
of roots which they send forth. Those with the most well de- 
veloped system have two primary roots from the base of the 
hypocotyl and later a thick root arising adventitiously from the 
the nodes. This secondary root, becomes contractile and trans- 
versely ridged for part of its length. One of the primary roots 
also often becomes contractile and helps to draw the corm deeper 
in the ground. <A secondary root, however, is developed only in 
those seedlings which also send up a plumule and a few even of 
these have none. The seedlings in which the plumule has not 
started into activity have as a rule two primary roots, one of which 
becomes thickened and assumes the function of contraction. In 
some cases neither of the primary roots is contractile and in others 
only one short thin root is produced. <A direct correlation be- 
tween leaf and root development is here evident. Variations in 
the structure as well as the number of the roots occur. The con- 
tractile roots which are for the most part simple have been ob- 
served occasionally to be branched. In another instance (the 
single case in which two contractile roots occurred in the lot of 
A. Dracontium seedlings observed) two contractile roots were fused 
for part of their length. The root system of A. *#7iphyi/um is very 
much better developed than is that of A. Dracontium, for the roots 
are both longer and more numerous. The seedlings have always 
two and often three primary roots which reach a length of 5 cm. 
and in addition after the seedling is well under way, three thick 
adventitious roots appear, budding from the nodes. These roots 
are contractile and show the same transverse ridges as the con- 
tractile roots of A. Dracontium. In some cases they pull the 
hypocotyl down as much as 2 or 3 cm. below the level at which it 
germinated. After the secondary roots become firmly established, 
the primary roots grow no more and the greater part of the entire 
root function is discharged by the contractile roots which bear root 
hairs near their tips and become about 7 cm. long. 

The only difference in microscopic structure between the con- 
tractile, secondary and primary roots consists in the greater radial 
elongation of the cells of the inner cortex of the contractile roots. 
In A. Dracontium the root stele of the primary root shows a diarch 
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structure and the secondary roots are tetrach as arule. Some, 
however, have been observed to be triarch ; in A. triphyllum both 
primary and contractile roots are triarch. After the contraction 
of the roots the outer cortex cells are very much strained and 
twisted, but the radial elongation of the inner cells protects the 
stele from any distortion. The roots of A. Dracontium are more 
variable in all respects than those of 4. #7phyllum. 

The stem-bud of A. Dracontium and A. triphyllum have the 
same structure in the resting embryo, with the exception that the 
procambium stands in the bud leaves have reached a more 
advanced stage of differentiation in A. “iphyllum. During 
the first season’s growth, however, the structure of the bud in 
the two species has an entirely different history. Like the 
roots the plumules of the A. Dracontium seedlings vary greatly 
in the state of development which they attain. As a rule the 
plumule of 4. Dracontinm develops to at least a small degree 
after germination, forming a lamina and a short petiole which al- 
though it may break through the cotyledonary sheath, yet rarely 
reaches the air and is often represented only by a rudiment 2 mm. 
in length remaining permanently enclosed by the cotyledon and en- 
wrapping in its turn the stem-bud of the next year. This undeve- 
loped plumule is cut off at the end of the season by the formation 
of a periderm between it andthe corm in the same way as the coty- 
lendon is separated from the corm. About 10 per cent. of the 
seedlings of A. Dracontium produce functional plumules. They 
appear at different stages during the growth of the corm, gener- 
ally when it has already attained a considerable size and in some 
cases only after the seedling has entirely separated from the seed. 
Its method of emergence from its enclosing cotyledon is exactly 
the same as that of A. ¢r7phyllum which produces a plumule nor- 
mally. As soon as the root has secured a firm hold on the soil 
and the hypocotyl is only slightly enlarged, the plumule with its 
blade recurved parallel to the petiole and rolled in at the mar- 
gin breaks through the tubular part of the enclosing cotyledon 
through a longitudinal slit which is already present in the resting 
embryo. The plumule becomes green rapidly while the petiole 
at the base of the lamina straightens out and the folded blade un- 
rolls and grows larger. 
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The functional plumules of A. Dracontium exhibit a tendency 
toward degeneration. A comparison of the plumules of the two 
species will wel] demonstrate the particular instances. The fully 
grown leaves of 4. “iphyl/um are ovate, the largest being 36 mm, 
in length and 30 mm. in width, while the smaller are 25 mm. 
by 13 mm. The functional leaves of A. Dracontium vary greatly 
in the shape and size of the lamina and in the length of the petiole. 
In outline they range from broadly elliptical to nearly circular and 
all bear a mucronate point at the tip as does A. tiphyllum. The 
largest leaves of A. Dracontium are about 25 mm. in length by 22 
mm. in width, but the greater number are smaller, some being 
only 6 mm. by 3 mm. The margin of nearly all leaves of A. “#7- 
phyllum are very finely serrulate ; while some leaves of 4. Dracon- 
tium display a tendency to serrulation, more often they are entire. 
The upper surface of the A. ¢riphyllum leaf is covered with faint 
whitish lines ; this appearance is due to the presence of elongated 
raphide cells in the mesophyll directly beneath the epidermis. 4. 
Dracontium has numerous raphide cells in the mesophyll but they 
are not so large as those of A. ¢riphyllum and cannot be distin- 
guished without the aid of the microscope. The under surface of 
the leaves of A. triphyllum is covered with a waxy bloom and the 
upper surface also shows some wax. In 4. Dracontium the wax is 
very much thinner on the under surface and barely discernible on 
the upper. As a consequence the leaf of A. Dracontium wilts very 
quickly after being removed from the plant. The development of 
stomata on both leaves is about the same. The leaves of both 
species are pinnately net-veined. In A. “riphyllum one pair of the 
lateral branches is more strongly marked than the others, fore- 
shadowing distinctly the plan of the mature trifoliolate leaf. In A. 
Dracontium the plan of venation is more generalized. The lateral 
veins have all equal value and are neither so well marked as some 
nor so faint as other lateral veins of the leaf of A. triphyllum. 
The mesophyll of the A. Dracontium leaf is not so well developed 
nor so well supplied with chlorophyll as is that of A. #7phyllum. 
Those plumules of A. Dracontium which become assimilatory 
organs are functional for a shorter period than those of 4. ¢r7phy/- 
dum, for they wither upon the plant much sooner. Those of long- 
est duration last not more than three months while some send up 
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a petiole only, the blade being shriveled before it expands. Mon- 
strosities seem to be very frequent in the leaves of A. Dracontium, 
for instance, the displacement of the mucronate point from the tip 
to the middle of the under surface of the midrib or the multipli- 
cation of these points upon the under surface. The blade is also 
often lobed upon one side and in one instance both sides of the 
leaf showed this peculiarity. 

The petioles of the leaves of both species are streaked with 
red, the color being most abundant near the base. The petiole of 
A. Dracontium is considerably shorter than A. ¢riphy//um and the 
fibro-vascular system is weaker on the whole although some stems 
of A. Dracontium and A. triphyllum show scarcely any difference. 
In the arrangement of tissue within the stem there is exact simi- 
larity. The bundles are arranged to form an open cylinder gen- 
erally, in A. Dracontium, three on each side of the largest bundle. 
Those stems which attain the greatest development may have in 
addition a bundle running through the center of this cylinder, 
while in A. triphyllum the fibro-vascular system may include still 
another bundle, completing the cylinder and making nine bundles 
in all. 

The development of the buds goes on during the growth of 
the seedling. Each rudimentary leaf arises as a hollow elevation 
enclosing the next youngest. At the end of the season the stem- 
bud of A. Dracontium has four bracts which enwrap the bud 
at the center and A. “riphyllum agrees exactly with this plan in 
structure. All but the innermost of these enclosing bud leaves 
remain as rudiments upon the corm protecting the bud. The 
fourth grows large enough to protect the leaf as it pushes through 
the soil the second year, but remains at its base as a membraneous 
sheath. 

The second season all A. Dracontium corms, like those of A. 
triphyllum, produce one trifoliolate leaf enclosed at the base by a 
sheath which, in those cases where no plumule is produced, must 
be regarded as the first leaf sent up by the plant. The functional 
leaf of the second season is trifoliolate normally, but is subject to 
great variation, such as the whole or partial fusion of two of its 
lobes or the complete obliteration of one of them. Even when the 
leaf is regularly trifoliolate great variations occur in the shape of 
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the individual leaflets. In some, the side leaflets may be narrowly 
lanceolate while others may approach an elliptical shape. The 
mid leaflet is generally broader than the lateral ones, but here too 
a variety of forms may occur. At the end of the second season's 
growth there is still a slight difference in the size of the corms of 
those plants of A. Dracontium which have borne a plumule the first 
year and those that have not. The root systems are, however, simi- 
lar; six adventitious roots are developed in each. Except in the 
retarded development of its plumule, the development of the stem- 
bud of A. Dracontium agrees with that shown by 4. tiphyllum. 
The repression of the plumule does not seem to be correlated with 
any variations in the stem-bud of the second season, since varia- 
tions of leaf form occur as frequently in second-year plants which 
produced a functional plumule the first season. 

The principal differences between the seedlings of A. Dracon- 
tum and A. triphyllum consist not only in the reduction and vari- 
ability of the roots, the variation and repression of the plumule on 
the part of 4. Dracontium, but also in the precocious enlargement 
of the corm. This difference arises as soon as germination starts ; 
in A. Dracontium the foodstuff of the endosperm is employed 
directly to build up the hypocotyl at the expense of the devel- 
opment of root and plumule. In A. tiphyllum, however, as 
soon as the hypocotyl breaks through the seed coats, the roots 
are sent out and attain some development at once, the plumule 
then appears, and in normal cases it is only after this assimilatory 
organ is well established and the seedling has separated from the 
seed that the hypocotyl begins to enlarge. In A. “riphyllum the 
endosperm furnishes the material which is necessary to bring the 
root and plumule to an advanced stage of development, and the 
food material for the hypocotyl is supplied by the assimilation of 
the plumule. The early enlargement of the corm and the repres- 
sion of the plumule can scarcely be held to be due to a patholog- 
ical condition of the seed or to an unfavorable environment, as the 
seeds planted were perfectly sound and the plumules in the em- 
bryos of those from the same lot which were examined showed no 
evidence of the attacks of parasites or any abnormality, while the 
conditions under which the plants were grown corresponded to the 
normal environment of these plants as was well demonstrated by 
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the vigorous growth of d. ¢riphyllum which was subjected to the 
same conditions. 

On the other hand the small proportion of functional plumules 
developed by seedlings of A. Dracontium and, in the cases in which 
aleaf was produced, the great variations in shape, the small size, the 
generalized form and venation, the delicacy of the lamina and the 
weak development of wax upon it, the shortness of the petiole and 
the frequent appearance of monstrosities, all are indications of de- 
generation and lead to the conclusion that this seedling is losing 
its power to produce a normal assimilating plumule. This con- 
clusion is borne out by an examination of the internal structure. 
The petioles of the smaller leaves of A. ¢riphyllum show the same 
arrangement of fibrovascular bundles as the largest of A. Dra- 
contium and a series of increasingly smaller plumules which may 
easily be obtained from a number of seedlings shows a successively 
more generalized development of fibrovascular system until in the 
least developed system it becomes reduced to a mere rudiment. The 
highly organized fibrovascular system of the hypocotyl, which is 
of very little service to the seedling without a plumule and only a 
weakly developed root system, is still retained and bears evidence 
that the present type of seedling which brings a plumule to various 
stages of imperfect development may be a degeneration from a con- 
dition like that of the seedlings of A. “#riphy//um with a plumule 
normally functional. 

So far as has been observed this type of germination is of no 
benefit to the seedlings. It does not seem to enable the corms to 
escape from the danger which they incur of being torn up by 
animals, for the development of the seedling without a strong 
root system of course precludes any great downward pull upon 
the corm by the contraction of its roots. Those plants of A. 
Dracontium which develop a leaf and correlated with this a 
stronger root system have invariably been found buried deeper 
than the plants whose plumule is not functional, for although in 
the plumuleless seedlings there is no upwardly directed force to 
bring the corm near the surface such as the plumule exerts in 
forcing its way through the ground yet on account of the weak- 
ness of the root system the tendency is such as to keep the corms 


very near the depth at which the seeds germinated. The repres- 
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sion of a plumule, of course, prevents the destruction of young 
seedlings by grazing animals; but the well-developed plumule 
contains enough raphide cells to protect it from attacks of this 
kind and the advantage which the plants enjoy in this respect is 
largely over-balanced by positive disadvantages. This variation, 
therefore, can scarcely have been perpetuated because of the ad- 
vantage as a means of defense which plumuleless seedlings pos- 
sess. As far as can be discovered at present this variation is of 
no benefit to the plant but, on the contrary, there are great disad- 
vantages in this method of germination, which tend to throw the 
plant entirely upon the food supply of the parent form for another 
season. 

The germination of A. Dracontium consists essentially in the 
conversion of the hypocotyl of the embryo into the corm of the 
seedling by the transfer of the food material contained in the 
endosperm. In some aroids,* this resorption of the endosperm 
and conversion of the base of the hypocotyl into a corm takes 
place before the embryo leaves the seed; that is to say, the de- 
velopment of the seed is not completed until a bulbiform embryo 
with true fibro-vascular bundles and no trace of cotyledon has been 
formed. An example of this type is Spathyvema foetida. When 
the seed of this plant germinates the stem-bud pushes out of the 
micropyle and breaks through the ground first ; later adventitious 
roots spring from the nodes. No primary root is produced. It 
will be seen that the only difference between the germination of 
this seed and the sprouting of the first year’s corm of A. Dracon- 
tium is the fact that in the former case the seed coats which sur- 
round the bulbiform embryo must be penetrated by the stem-bud. 
If the corm formation of the seedling of A. Dracontium took 
place within the seed coats (and this could be brought about 
simply by the arrest of the elongation of the cotyledon) the two 
cases would be exactly similar. In fact the cotyledon of A. 
Dracontium is varying in just this direction, for it often displays a 
tendency to be shorter than the cotyledon of A. “wiphyllum as 
has been pointed out above. The delay in germination at first, 
moreover, may be another indication of a tendency to carry on 
the entire development of the corm within the seed. 


* Engler. Monographiae Phanerogamarum, Araceae, II : 34. 
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ng Owing to the lack of time and material the developmeut of the 
corm of Spathyema within the seed could not be traced but an ex- 


amination of the literature of the subject brought out the fact 
- that many aroids manifest a tendency to carry on the development 
= of the plant as far as possible before actual germination, ¢. ¢., 
d- emergence from the seed and development of assimilatory organs 
occurs. * 
of SUMMARY 
id - The seeds of the two species present only a few unimportant 
he differences in shape. In histological structure they are similar. 
oa The embryos are comparatively small and are imbedded in a co- 
pious farinaceous endosperm. The only essential distinction be- 

he tween them consists in the slightly greater amount of food material 
he in the seed of A. Dracontium, the extra procambium strand of its 
he cotyledon and the weaker development of procambium in the 
_ plumule of its resting embryo. The first stages of the germina- 
_ tion of the two seeds are of the same character and consist in the 
le- emergence of the hypocotyl and stem-bud from the seed coats at 
laa the micropyle, by means of the elongation of the cotyledon. 

a. As the development of the seedlings proceeds, the production 
_ of roots and a plumule takes precedence in A. triphyllum while in 
he A. Dracontium the enlargement of the hypocotyl begins at once 
_ and the growth of the root and plumule is retarded. This pre- 
It cocious development of the corm often takes place to such a de- 
of gree as to entirely inhibit the production of a functional plumule. 
_ The same differences between the two species in regard to the 
ail fibrovascular development is exhibited by the seedlings as is dis- 
ud. played by the resting embryo. The structure of the stem-bud 
ok which develops upon the corm during the first season’s growth 
rut is absolutely the same in both species. 
ied The seedling of A. Dracontium is diverging from what seems to 
A. be the normal type of germination in Arisaema, i. ¢., the develop- 
ies ment of an assimilatory plumule and the production of a corm by 
aa means of the product of the photosynthetic activity of this organ, 
rst, and is tending to produce a corm without the aid of a plumule by 
on 


the direct transfer of the food material of the endosperm to the 


* Engler. Monographiae Phanerogamarum. Araceae, 11: 34, 35. 
Griffith. Trans. Linn. Soc. 20: 274-276. 1847. 
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hypocotyl. This type of germination does not seem to be due to 
a diseased condition of the seed or embryo or to an unfavorable 
environment nor does it appear to be advantageous to the young 
seedling. It might be suggested therefore that it is an expression 
of an inherent tendency in aroids to carry the young plantlet as 
far as possible in its development before an assimilatory organ is 
produced. If this conclusion be correct we have in A. Dracontium 
a transition stage between a seedling forming its corm outside of 
the seed coats with the aid of a plumule as in A. ¢riphyllum and a 
corm formation within the seed coats at the expense of the endo- 
sperm as is the case with Spathyema foetidus. 


Explanation of Plate 3 


Fic. 4. Seedling of 4, Dracontium showing hypocotyl just emerging from seed. 

Fic. 2. Seedling of A. Dracontium. Hypocotyl has begun to enlarge, short root 
has appeared. 

Fic. 3. Seedling of 4. Dracontium. Root has elongated, root hairs have arisen. 

Fic, 4. Seedling of A. Dracontium. Uypocotyl has enlarged greatly, first root 
has elongated, second root is just appearing. 

Fic. 5. Seedling of A. Dracontium. UHypocotyl has attained full size of first 
year’s corm. 

Fic. 6. Seedling of 4. Dracontium. Specimen in which the root system has been 
only slightly developed. 

Fic. 7. First-year corm of 4. Dracontium. Formation of periderm at base of 
cotyledon has separated corm from seed. 

Fic. 8. Seedling of A. Dracontium which has produced plumule. 

Fic. 9. Seedling of 4. Dracontium. More advanced ; note single contractile root, 
developed only in those cases where plumule is sent up. 

Fics 10, I1, 12. Variations in form of plumule in those seedlings of 4. Dra- 
contium which send up a leaf. 

Fics, 13, 14. Second-year leaves of 4. Dracontium when a plumule had been 
developed by seedling. 

Fics. 15, 16, 17, 18, 19. First leaves produced by 4. Dracontium corms which 
have been developed without the aid of a plumule. 

Fic. 20. Seedling of 4. ¢riphyllum. Hypocotyl just emerging. 

Fic. 21. Seedling of 4, triphyllum. Cotyledon lengthened, hypocotyl has begun 
to enlarge, root has arisen. 

Fic. 22. Seedling of 4. triphyllum. Second root appearing. 

Fic. 23. Seedling of 4. ¢riphy/lum. Second root has increased in length. 

Fic. 24. Seedling of A. ‘riphyllum. Plumule has emerged from cotyledonary 
sheath. 

Fic. 25. Seedling of A. ¢riphyllum. Petiole of plumule has lengthened, a third 
root has appeared. Hypocotyl perceptibly enlarged. 

Fic. 26. Seedling of A. triphyllum. Contractile root formed, plumule fully ex- 
panded. 
Fic. 27. Seedling of 4. Ayérida. Plumule produced. 
Fics. 28, 29, 30. Variations in form of leaf produced second year by 4. Aydbrida. 
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Brotherus, V. F. Die Laubmoose der ersten Regnellschen Expedition. 

Bihang Svenska Vet.-Akad. Handl. 26’: 1-65. 1900. 

New species in Bruchia, Dicranella (3), Trematodon, Campylopus, Ochrobryum, 
Fissidens (6), Minckemeyera, Calymperes, Hyophi a (2), Tortella, Barbula, Hymeno- 
stomum, Glyphomitrium (2), Macromitrium, Schlotheimia (2), Funaria, Physcomi- 
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